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HrWCORAPJUC DJ*£CTORATB 

Naval Headouartlbs 

K.ARACHI 



D-O.No. HD /0102821. 13 October, 1970, 



From$- Captstn S.R. Islam, P.N. 
Dlrector of Hydrography. 



Dear Slr, 

Reference yeur lotter dated 34-6-1970 and Mufti 
Rashid Ahmad's letter dated 7-10-1970. 

The Nautical Alcanac is a standard publicatlon 
of the Royal Tlavy and lts contents are extensively used 
for the computation of the rising and settin*: phenomena 
of th^ heavenly bodies and other astronoclcal lnformatlon 
mainly connected wlth navigatlon. Tho accuracy of tables 
in th^ nautical almanac meets these r^/.irements and is 
considered sufficioiit to cover the problems indlcated by you 
From the nautlcal alir.anac of 1970 the tlmes of sunrlse and 
tvlllrht have been calculr.ted to compare your computatlona. 
The r^sults are as undert- 



Place Da te Stated tlme of Calculated time 

fj > i^rf j&as aaiLls JSL 

Goth Faklr belc W horlzon. ' 

(Lat.25" 46'N 11.6.70 04 hrs , 19 min. 04 hrs. 20 min, 
Long.68 40 E) (2one +• 5 hours ) (7,dne .+ 5 hours) 

Karachl 

(Lat.24* 52.5,'N 3D.6.70 04 hrs . 30 min. 04 hrs. 29fr min. 
Long.67° 2.5 E) 2 0.9.70 06 hrs. 17 min. 05 hrs. 18 min, 

20*12.70 06 Ur». 303 rain. 06 hrs . 02 min, 

2m Ths calculated time as giton above is based upon 

the following data glven in the Nautical Almanac (Page 258) 
and Admiralty Manual of Navigation Vol. II (Page 137) i- 

KCTRACT from Nautlcal. Alrw^n^c 1970 (Pagg 258) 

Basis of the tabulations. At sunrise and sunset 
16' is allowed for semi-diameter and 34' for horiaontal 
refraction. so that the tlmes given the Sun«s upper limbls 
on the vlslble horiron; all times refer to phenomena as seen 
from sea levtl with a clear horizon« 



At the tlmes glven for the beglnning and end of 
twlllgbt f the Sun 1 s zenith dlstance ls 96° for oItII. and 
lOJp for nautlcal twlllgbt. The degree of lllumination 
at tbe tlmes glven for clvll twlllght (In good condltlons 
and In the absence of other illumlnation) ls such that tt* 
brlghtest stars are vlstble and the horlron ls clearly 
defined. At the times glvec for nautlcal twlllght the 
horlzon Is ln general not vlslble, and It Is too dark for 
observatlon. 

Tltnes correspondlng to.other depresslons of the 
Sun tnay be obtalned by Interpolation or, for depressions 
of more than 12^ less rellabiy, by eitrapolatlon; tlmes 
30 obtalned wlll be subject to conslderable uncertalnty 
rear extreme condltlons. 



i£a 



RACT Prom Admlralty Manual of Nayjgatlon Vol.II . 
PaRft,137i. 



Astronomical twlllght. Thls ls sald to erri or 
begln when the Sun's centre Is 18° below the horlzon, at 
whlch moment absolute darkness ls assumed to begln or end 
:o far as the Sun ls concerned. 

3. The tlmes o f d>^>€^ or c^>'^ and 
other requlrements can be obtalned from tbe above stated 
arguments accordlng to the deflnltlons of the tems. 

4. A comparlson of the tlmes glven by you for 22nd 
September and 22nd December. 1970 lndlcates that they 
relate to Astronomlcal twiltght (morning) when the sun ts 
18°'belov the horlson. For 2Snd June 1970 the tlme glven 
ls a llttle earller. 

5. The chart of tlme supplled by you has also been 
compared and the tlmes glren for Oti^c*. as well as 
sunrise generally tally wlth other tlmes calculated froo 
tbe Nautlcal Almanac for Astronomlcal twlllght arei sunrtse 
respectlvely. 

Yours Slncerely 




(S.R, ISLAM) 
CAPTAIH PAKISTAN NAVY 
Molana Bhtlshamul Haq Thanvl, 
56, Jacob Llnes, 

Copy toi- Muftl Rashtd Ahmad 

Darulifta* wal I r* at 

Nazlmabad, 
Karachl , 
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PAKISTAM MKTEOROLOGTCAL DBPAHTKENT 
Offlce of the Deputy Dlrector, Climatology,Hydrometeorology 

Oceanography, Universlty Road, Karachl. 



Karachl, 
No. C 1-11(7) /68 dated the 18th September, 1970. 

To 

Maulana Ehtlshamul Haq Thanvi f 
56, Jacob Llnes, 

Dear Sir, 

Klndly refer to your letter dated the 21st June, 1970. 
Repllea to the querles at the end of page 4 of the roport 
recetved alongwlth your letter, are glven below serlatrimi 

1. We have no comments to offer. 

2. The time for the beglnlng of morlng astronomlcal twi- 

light for 12th June is 4h ll m . The begining of morntng 
estronomical twilight 1» taken to be the tirre when the 
Sun is 18° below horizon. We have no eomments to offer 
on the tlmings in the different charts glven, the tlnu 
ings of Sub-he-Sadlq for Karachl. 

3. When the Sun Is i£° below horizon, all llght from the 
sun ls cut off t 

4. This Department has not undertaken any work on the 
determination of the timings of Sub-he-Sadiq according 
to the deflnition given in the •note' at the end of 
page 4 of the Report enelo9ed with your letter. These 
Limlngs can, however, be calculated for any lpcatlon 

lf tbe phenomena Sub-he-Sadlq ls precisely deflned wlth 
respect to the position of the Sun below horizon. Wlth 
out thls the calculatlon of the tlmlngs will not be 
possible and as you have yourself noticed, will be sub- 
ject to the personal error of the observer. 

Delay in the reoly to your letter la deeply regretted. 

Yours falthfully. 

A» i^*-~5c~Z. 

C T.H. SIDDICJH ) (8/9/70 
for DIHECTOR ' 

IC (JJ^Cf 






No.Cl-ll(17)/68/l667 
PAUSTAlt MSTEOROLOGICAL DKPIITMENT 

orrics or tn deputy dibectob 

CLDUTOLOGY BYDIOMKTIOiOLOOY 4 
OCIANOGHAPHY 



rroas- N, A. <Jur«*hi t 

Deputy Dlrector* 

T« :- Mufti laetid Ahmod, 

DaruIiftAG wal Irshad 
Neiiaabad IV 
r.arechi-18. 



Karachl, the 21et Octobor, 1970 

Dejar Sir, 

Iefereace your lotter dated 2.10.1970. 

2. The repllei to your queriea »re a* follow« serlatua:- 

(l) The lun ls approsiaately l8 degrees below the horisoa 
«t the tlaea giwen on the dates epeclfied. 



id JA*& 
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(2) When the sun 1« 18 degrees below the horiaon al 1 light 
fron the sun 1b cut off. 

(3) The times,correct to the nearcst helf ain., calculated 
for aeteorological Qb»ervatory at Karachi Airport (coor- 
dinates 24°54 N 1 67^08'E) when the sun is 15° below 
the horizon on the dates apecified are as follows: 

22.6.1970 : 04 hrs 29% min.W.P fc S*T. 
22.9-1970 : 05 hrs 1? " " H » 
22.12.1970: 06 hrs h% " " " » 



Kindly acknowledge receipt. 



Yours faithfully f 




( N. A. QURESH 
Deputy Director 
Phone : 4155^9 
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Prayer 5ch«iule coapJtation 

C »R0Gn.1 TO CCHPJTE ISLAMC PBAT Efi SCHfCUL*S AND OTOLA CHARTS 
C 

ccccccccccccccccccccccccccccccccc 

c 

C MSITTU BT 

c 

C S. M"Ai. ACDALl 

C AATHEWATICAL SCII1CES DEFARTRFWT < 

C ir^SSrLAER PCLTTECHNIC IKSTIIUIE 

C TROY, 1CV YORK 12181, USA 

C 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

r 

C I1PUT LATA SHOULT Rf PROV:DED ON LCGICAL UNIT S. 

c thf: pRor.Rin sicps upon SNCoaNiEHiic ru emd-op-file cn unit 5. 

C P0R EACll SCHEDOLT 3£SI n E9 # THE INPCI 5II0ULD INCLUD2 THSEE CABDS 

C WTTH TH*: 'OLLOYINO DATA LATCUT: 

c 

C CARD 1: 

C COL. 1 - 29: 'l%TZ OP PLACL. II 15 PEPPOCUCED ON THE SCIIEOULE. 

C 

C CAPD 2: 

C COL. 1 - u: DEGRGE5 IK LATITUCE CF PLACI. 

C COL. 5 - *: 7II!fUTfS I» LATITUCL CF PLACE. 

C COL. - 12: DEGRiES II LONCrTUDE CF PLACS. 

C CCL. 13 - H: -1IMUT»S IK LCKCITUCE Cf" PLACE. 

C COL. 17 - 20: DEGHEES I!) LONCIIUCE CF 811X3410 TI.1E. 

C COL. 21 - 2<»: niNUT^S 1 .1 LCKCJ1UDE Cf iTANDARD TI1E. 

C 

C (N O T r : ir A LATTTUDE CD LCHCITUCE IS KEGATIVE, CWLY ITS 

C DEGPEES PART SU0ULD EE FRFCEDID 9T A HINUS SLON.) 

C 

C CABD 3: 

C COL. 1 - tt: TEA3 A.D. (CB, FCF "PE6PITUAL" SL«FD0LE) . 

C COL. 5 - 8: | # IV DAYLIGHl 5MING UrtE ADJUSTHEMT kCGUIRED, 

C 0, Oin»CISE. 

C (K T E : THIS ADJUSTIINT IS UCNE ET AIDING CNE IIUUP TO ALL 

C TISES *8CK THE LAST SUNDAT I* APHIL TC THE LASI 

C S3I0AY TH OCTOBEB. FOK PHRPITUAL JCHEDULES, A LL 

c Trnrs tn the fs«ico nes aphl tc octooir, 

C INCLUSIYE, ARE ADYANCU Dt CNE !I0UR.) 

C COL. * - 12: 3 OR 1 FCR PBATER SCHICULES, 

C 2 FOR QIPLA INCICAIOB CHAPT, 

C 1 -OR BC1H P&AYIR SCHICOLE AN!5 3ICLA CUAST. 

c col. 13 - H: i ir 'Asn ti«e is to ei cobputec accokdiig to 

C HA1A W I r ig^. (SRADOU BATIO » 2}« 



Hl* 



±Wi& 



Pt«yer s«:HeJ u l* : jipjt lti^ 

C J ir 'ASP TI15 tS TO EE C01FUTEJ ACCCEDINC 10 

C THZ CTHES PlCJlS. (SIUCnH HATIO - 1). 

C 

C n 1 T r. : IM" ">AT* 01 CAHD3 2 ANC 3 A3I ALL INT*GEB. THEY 

C SHCJLD M HIU'1T-JUSTI5 IED JH IHEin RESPECTITJ riELDS.) 

c 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

c 

C THI PB0GRA1 OUT°'JT 13 01 LOGICAL UN IT 6. 

c 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

c 

INTEGER HOUR,YSAR,3EGDST,FI1DST 
9EAL LAT,LO!!G f LSmil 
CTHEWSI01 TITE0(6) # C0ALT(6) 
LCGICALM 1U.1('., 10, 31) 
CI1M5I01 1Dfl17ll(12) *TIi(366 # e) 
C01HC1 /1ATH/PI 

C011C /AST»/0 9L, D.1A10H # D1lOKC # ANO.lO, 5flLHGO # C 1 # C2 , DeiSI D # SIDTHO 
COniCVPCSN/LA:,LATD # iATH # LCIC,LCIGD # LC»Cfl,LSTDH 
C011O1 /tnTCS/ 10TE1 
DI?1EHSIO'l NA 1E (7) 

CATA .1D*NTH/31,28 # 11, 30 # )1 # 30 # 3 1 # 11 # 30 # 31 # 30 # 11/ 
PADIM(X) ■\»»T/1f0 

TEG3^E( IOEfl« .1T.1UTE) = ISIGN ( .11 SUTI , ICEGJ/60. 0*1 DEG 
1 BIAD (S,5,21D = t0 0) 1A"1E # LATD # LATH , LOIGO ,LOKGn # LSTD, LSTO , Y EAB # 

1 rn$T.,I5ttfl ASH 

5 FOB1 ATCAU/CIM/mtt) 
C F05 TEAR INOICAirS TnAT A PE3PITUAL SCHEDOLE IS CESIRED. U5E 1982 

RTEAR=TfUP 

IMTEAR.EO.O) STEAR-1^2 
C «AS!t S1AOOV RATIO IS 2 FOP HANAPI FICH # 1 FOB 0T1IC1S 

TASR-1.0 

17 (IA5S.SE.0) TAS**;?.0 

CALL COHST(HTEAR) 

lAT-RADIAMCESRSEtLATCLATr))- 

LC*r,*?k ; >i v«t f r* ;ree (LCNCD, LCRCH) ) 

• LSTDH-DEGRE» (L3TD, LSTfl) /15, j 
C nn yr.MNII^ ANO eiDINC DATS ICR CATLIGUT SA¥I*G Tllt 

CALL DATT. I?(YEAH,L!*P # :DST # flrGDSl # rilDSI) 

BDIWHp) -21»L5AP> 

BlPrC-OIBLA(O) 

c approiiiati Tinr.'; or fa ib # shuroq # asr # iaghbib # isha 
TI1*C(1)-6.0 
TIFIE0(2)-7.5O 
TTHSO (*)»**• 5 

Tlrtr:C(5)-U.S0 

TJ.1CO(6)«1S.O 
C COAITITUDCS OF SO* AT FAJR, SHUROg, HACHIIB.ISHA 

COALT (1)-»AOIAM (105.0) 

HHLT(2)-r:iDIA1(90.33) 

C04tT(5>-COAlT(2) 

COALT (6) 6C0ALTM) 
C 1KT APPBOIIHATE TI3E3 FCB PIB5T DAT Cf TIAB. 
C LATIB 0« # EACH DAT«3 TIHES A0I OSED iS APPROIIHATE TISES F0I BEIT OAT 

CALL *0ON(1,T f C0ALTB) 

COALT (4) «ATAN (TASB»7A* (COALTi)) 

no 6 .l»i,6 
I* (J-EO-3) OC TC 6 
T-THE(1,COAIT(J) ,TIHE0(J|) 
TITEC(J) -T 

C IF TIHC riDffWmiUi APPROI. TIM0(J)-1 # 2 # 21, 22,23 FOB J-1 # 2 # «,5,6 

TF (T-GE.24.0) TIHPO(J)- (J-1)/1*17*J 
< COBTIWUE 
C COJPOT» TIA»S FOI TH» iHOLP TEAfc 

^0ATS-3G5*LEAP 
C SC-IP03LE lAKlBG. SKIP IF CNIT CIELA IBCICATOB CHART CISIBED 

IF (ISO. BO-2) 00 TO 120 

"!0 100 Ttl.iDMS 



Pri^tT Scbadule Coinjtttlon 

F,I PERPETUAL rALZK0AR, PEBPUAHT 29 AKC PABCH 1 HAVF SA1I TIPIEJ 
I-I 

if (X*3T»60 .*:*n. rrAR .5Q.o» k«i-i 

CALL IOON (K # TI*(I.3) # C0AIT1) 
COALT(MJ -ATAH(1ASR*?AI (CCALTI)) 
OO 10 J-1.6 
IP (J.SO. 3) GC TC 10 
T-TIlE(rt # COAIT(J) # TI-F0(J)) 

Tmri # Ji -t 

TIBC0(J)-T 
C I» TIHB IHniTBRArHAOl», APFHOX. TI M C ( J) = 1 # 2 # 21 f 2 2 , 2] fOR J-1 # 2,* # 5 # 6 
IP (T.GE.2«-0) TI!ieO(J)*<J*1)/)*17»J 

10 COITIMU* 

100 coitimuc 
c-cobbpci f0<* catlight satibo ti3i 

IF (FI1DST.BQ.0) GO TO 120 

PO 110 r«BECDST,FIH:>ST 

DO 110 J-1,6 
110 TIH(I # J)-TI1|I # "J)»1.0 
C SCHCDnil C01POTED. 101 PIIST II OUT 
120 MDATSO-1 

DO 100 I-l # * 
C tr ASTCIISK PRIIITED (I.1P0S5TDLC TIH!), WCTE1 ULL BJ 1CISSR0 

1OTS1-0 

CALL TITLE (B # S\ 1E # T» AH # I C5? # DIB I C) 

DO 2)S 1-1 # 3 

1P«T0aHTJI (3**-)».1) 

MDATSI-IDATSO-WID 

DO 220 L«HDATS0 # IDATS1 

DO 210 J"1 # 6 
C TIHP CCHT-ISIO* TO A. H. AHD P. II. HCUIS AIO BCD5DPD 1IHUTE5 

T-TIHfL # J) 
HOOR-T 

1IIIOT-60.0*(I-I1I(T)) »0.5 
IP (BIIUT.Lt.60> GO TO 20*« 
HIICT-0 
HODB-HOOBH 
200 TP (BOUR.GT. 12) HOUH-HCUI-12 

210 CALL BB!UMHOy* # HIIUT # MUN ( 1 # «»!1-6 »J # L» 1-IDAT SO) ) 
220 COITTIU? 

1DATS0-IDATS1M 
IF OD.C0.31) CO TO 23S 
ID1-IDH 
DO 230 L-ID1,ll 
DO 230 J»1 # * 
: BLAIK OOT TI1S C1 Wrr-EIISTr "II CATIS 
230 CALL HIHIS(-1 # G # ni(1 # 6»P-6*J # A)) 
23* COITHOC 

■*ITI(4 # 2«0> |L # ((HUH(I,J # L) # K-1 # 6) # J-1,6) # L # ( (101 <« # J,L) # 
1 K-1,4) ,J-7 # 12) # L, (jfftTi(R«J.t) ,K-1 f €) # J-13,1n) # L-1 # 31) 
2«0 FnBflAT((3(«I, .12, 11,12*1, 11, 2U1) n 
If C»OTF1.P0.0) OC TC 300 
IKITI <6,2«5) 
2«S rOBUT(2(U/) # 33t,»» TIM MCT CCHIUTABLI. 0% THIS DJClI AT* . 

1 • Tttia LOCATIOI, THI 30* DCI3 KOT " / J6X , ' ATTA I 1 THI •, 

2 »PCStTICI COITIITICBAllT OSID TC CITIMC IIIIS PBAICR TIHC. •) 
100 COITIIUG 

; OTBLI IIOICATOI CHART 1AKIIG. 5RIP IF OltT SCHIDOLt DISIRED 
320 TF (ISO.LE. 1) GO TO 1 

DO »00 I- I.MDITS 
: POI PEBPITDAL OIBLA CHAMT, FEBBUAM 29 ABC HAtCH 1 HATC SAHI TIBC5 

I-I 

TP (I.GT.60 .AID. T*:il .IQ.O) E-I-1 

ro iso j-i # 8 

TIH(I # J)«TSl1AD(K,DIieC-PI/i..0MJ-m 
150 COMTIROC 

•00 cniTirur 
COMBICT FOP CATtlCHT SATIIC TI1I 
TF (PI^OST.PO.O) CO TO «0« 



Pr«T«c Sch«aule cosputation 

00 «05 T"PIPG0ST # PT1iST 
CO M05 J-1 # R 
«05 TX«I(I.-ITTI1 (I.J) M»0 

«oi co««tiiup M ^„. 

C OIBLA CB»«T CO1P0TED. Miy 1*591 n 001 

Hf»ATS0-1 

DO 500 1-1.6 

CALL TItlMI«#MM#TMt # XBST,fXlfCJ 

do «1* fl-l,2 

SD-1D11TH (2*H-2»J) 

MtffSlBUAVM~1**0 

no «20 L-10ATS0 ff .1DATSl 

DO «10 J ■ 1 , 8 

T-TIH(L,J) 

ROOI-T 

1h0t-6o.o* ct-iht (t) ) »0.5 

tf («zhdt.lt. 60) co to «01 

hirot-o 

«09 CAt^Hi"lll(HO0B # <!Ill0T^lMl,eM-e*J,L»1-iDiTSO)) 

«10 COHTIIUP. 
«20 CONTII0E 

1DAT30-HDATS1M 

I» (RD. EQ.31) 00 TO 135 

■ C1-IDO 

00 «30 L-RD1, 31 

DO «30 J-1,8 
C BUW 0UT Tlir CI ICI-UISTER1 CATtS 
•30 CALL HIHI»(-1 ff ff *0R(1,8»8-8»J ff L)) 
«35 CO9TEI0E 

■IITE(6 # *«0) (L # <(101(I # J # L),K-1 ff 6) # J-1 # 8| ,L # ( (HU1 (R # J ff L) # 
1 K-1 ff 6) ff J-* ff 16) . L- 1 , 11) 
««0 POI>fUT< (IB # A(1I # 6A1) # I^ # ^(1Z.6A1)I) 
500 COBTIIU" 

00 TO 1 
600 HRITE(6 # 610) 
610 m*HAT('1*| 

STOP 

•in 
c 
c 

S0BIO0TIHI hriih (hooi.riiot.hh) 

C FORR STPTnC Mincn II RR PKCH HC0I AKC PII 

C XP IIOUI TOO LAIGE (IRPOSSmi TIRI) # RAKE SIRIHC Al ASTRRI5R 

C 110 UK5 I0T51 SOi-SKRO TC BAII TPIS SITOITJOR 

C ir HOOI ZS 1EGATI?I(10 SOCR OATI) # TRII HAK! STEIIG BLAIK 

tlCTGEI "5oOR 



LOOICAL-1 MR(6) ff »I6(10)/1H0 ff 1H1.1H;. 1H3 1R« 1H1 i» 
00 5 1-1,6 

nvix)«iui> 

t* (Hooi.Li.o) irron 

«H(«)-STAI 

KMOOR 

Xf (K.LC.360) GO TO 7 
■OTT1-1 

•ITOII 

LM/100 

xr (L.ic.O) Hi(i)-oro(iH) 

BBjSSMrKS.^ 11 "0»-.»i./«.t, 

M(«)«C0t*9 

**(ft)-f)I1(HZSDT/14»1) 

■yjl^MWM^ItWrWMI) 

I«D 



«. 1H7, 1H8 # IH9/ 



taosouriN* noon(ndat , t-n^o^couin) 

C11PUTE TMC 0* NCON TS 7SNCON, SUSMS CCALTlTUnt I» CCAI.TN 
JT m* J^* '10. NDAT 0F YEAN 

*C1L l\T t L<*Hfl,iQCxr,lCHC.H t LSTSM 

COIICI /ASr"»/ODL, ?1ANCn»r):iLCK';, ANCnO,5r1LN»;0,Cl,C2rDCLSID,3II)TrtO 
CO^IION/POSN/IAT.IATD^LAT-^LONCLCIC^LONCI.LSTD'! 

C S1LONC ■• JUN'S SMN LUNCITnOE, SLCNC ■ $riN' S TRUF lOSOITUDl 

C T.OC1T & LOCAL -NEAN TI1E OT N0U1 

I.~NG;(*L0NC«12./PI 

D*TS-T>AT* (12.0*10'TCII)/2U. 
ANOlLV*AN0l0»n"A»C«!»nAY5 
S1LNG"31LNr.0»!>UCN(.*CAT5 

SL0»r.»S«LNG»C1«SINf\NO''LT) ♦C2*SIN (ANC1LT*2> 
PA-A1A*2 CCOC (ODLl «5TN (3L01C) ,CCS (SLCAG) ) *l2./PI 
l? ' (P-A.LT. }.) »A*ftM2«.l3 

nrcL-Airsrv(r:iN (obd *sin(slonc)) 

LPCHT-^ \-*"LSI9»r>AT5-SIDT.lO 

T"NOCN*LfiC*T*L0NUN-LS?Dy 

I» (TV'0ON.LT.0.) TlNOCP>Tr:iCr*i*2*.0 

IF (THOON.^T. 2<*. J) Tfl1OCN-TBNOON-2«-0 

coaltn- a9suat-decl) 
h:tun.n 

END 

c 
c 

»3i-CtI01 TI,1*(NDAT,CTCAlT,?IflrO) 
C RPTU7NS Tlin 01 OAT NOu "CD*T OP TEAP UHFN SUN »3 COALTITUDK IS COALT 
C f* 10 S'JCH TTNE, TII»N *ET3RNS A LARCF NUNOFR. 
C THEJ 15 AP?H0II1iT? TI1E 0F PHENCrtBC^ 

RML LAT,lON'-;,LCC1T,LCN(;H,LST0!l 

C0110K /.1ATM/ ?I 

COHCN /AST1/03L, 31 \N01, 01 LC?- # ANCR0,SflLNCC,Cl,C2,DELS 10, SIDT.10 

C01lCN/r05"/L/»T.LATP,tAT1,L0NC,LCNGD,LCNC:i.L3TDH 
C S"L^ - SUN'S 1«"«.N LONCTTa^r AT TI1F0, SLCHC - TRUE LONGITUDC 
C n\ • 3U»'S BWHT ASCENSION, 3INCCL • 5IV(SUN'= DECLI1ATL0N) 
C HA - SU1'S 'lOUr* A NCLE ME5T 
C LOC*T » LCCAL 1EAN THE OT PHENT-ENCN 

TI1E-K0ET 

LrjJCH.-*LOHG*t:./PI 

•)AT5'N0AT» (TirSO»LCNGU)/2«.0 

^N01LT= ANO*0»ClANOl a CATn 

S1L KG»S.1LNCO* n -1LONO*DATS 

SLONC«Sr1LNG*C1«3IN(AI(C"LT) *C2*S I 9 ( INCNLT*2) 

PA-ATAN2 (COSpTL) *SIN (SLCNG) ,COS (S 10 «0 ) ) *12. 0/PT 

It (RA.LT.O.) 1A-RA*2».0 

STioCL- simronL) •Stl (S&WI) 

CO5HAMCOGi'C0AL7)-SlNOCL*SlMLA:))/C5:BT(l.n-SINDCL*«2| »COS (LAT), 
C tr C"S(riA)>l, THE* 7I1E CA110T PJ EYALUAIED 

TF (A*»S (COSH*.) .GT.1 .0) RETURN 

MA*Anr0S(CO5;i1A) • 12.0/PI 

TP (TH r 0.LT. 12-0) 1A-2N.0-HA 

LCC1T-HA»PA-3ELSID«DATS-S:OT10 

Ttltfta LOC.17»tONGH-L5TDH 

t* (TM--.1T.0.) TT1E-TI1F*2u.O 

IF CTI^E. CT. 2U.0) TJ 1E-T I1E- 2 N. 

«iPTURS 

FND 
C 
r 

SUPnoUtlNE TITL»(N,NA*F,TCAR,ICST.CIMC) 
C PM*T TITLE FOr SCHEDULE, 6I1CSTHLT 5EC11GN NC. K 
C insT - ) rr 0\It21Hl SATINO A0J'J3T.*f NT CCNF, 1 CIHEIHIS: 
C DIP5C • DI°£CT;on or ^T^LA, EAiTWAPC FRC1 NORIH 15 P0SITIVB 

I-TCGIR t^-ai,::! (*) .jcnsc, ^ jla: ,scxci£. 0JSD,yiDi 

HFAL LAT.LON- 

iog:c*l*i l\t^i(6) ,r.rvr,M|^| , ;uci|ft) 

OI-MSmN \X-t (7) . 



|NA 



Ia";lV 



*T4VPt Scticlulp Coaj.itat t*»n 

CO110» /* ATH/ ?! 

CnTir^PCJ^lHT.UT^LAT-^LOIGjLCHCD, t CHG1,LJT Cll 
CATA Oir/lHE r ina, in», IHn/ 
nrcPRf(X) --k»i io..o/pi 

CALL HRHH (IAPStLATC) # IAT1,LAT01) 

SGHLAT-^IR ()) 

XT (lfcT.LT.0_) 3G1LAT-DIH(<») 

CUL BR1I1 (UBS (LOHGD) # LCRGr,LQBCCH) 

SGNLHS-.OP (2| 

T» (LOIG.LT.-"..) 531LHJ-.ni 8(1) 

apsoib-as"» /Drnsc^ioo.O/»!) 

^tB-)-fci7SOin 

QIB1-*0. J«(A3S3ID-I1T(fcBSOIOn »0.5 

T» (Qnn.tT.40j GC TC )S 

grnto 

0TB3-0IUDO 
3*i "ALL HRAIH (QI ?D # $T Dfl , CIBD1) 

-.■:vcii*di»< i) 

ip (crn»c.LT. t.) SGici.e*>oiu (2) 

IF(TEfc!T. 50-1) GO TO UO 

mritec6^ 7 ) rm # im 

17 rOB1AT(lHl/2(lT/) ,mK # I4,' A.D. P8ATER SCHEDULiS f03 '.7fc1) 

GO TC aS 
ttO MITBtt. •*:) 1A12 

Q2 roM4TPJI1/*l1I/)#41X«"?tWttflU PRAUR SCIISPULE rnB ',7**) 
U5 URITE(6,U3) LATDffr3aNLAT,LCHCD? # 5CHlSG,QIUE1 # S-;HaiD 
** POB1lTMX/nT.'LATITUDE »' ,6A 1 # 1 X , fc 1 , 6X # ■ LCHG I^IJSE ««, 

i u,6»i # u,Ai,6i,'oioii «'^aiji^i/ (rsoi 1)') 

GO TO (1 ,2,).«)«* 

1 URITE(6,21) 

21 Mt4&T(2IU/| ,Pt,'J A 1 'J A R T',30T # 'F E B P 'I A B T • , 

1 32*, '1 » H H'l 
0O TO 100 

2 rr(Yf*(t. EO.O -ANC. TC5T.MS.0) URIlE(6, r .1) 

51 »0R1AT(2 (U/l # U)X r ' (IN BPSIL. ACC CRE HOUH TO ALL TMC5 1 , 
1 ■ JkPTC.l LIST 5fcT"J10AT) •) 

UHITEC*. 22) 

22 ropiATC>(U/) ,m„'A ? » l L' # )7l,»r A T' 

i ,wt/j 7 i n 

",n TO 100 
1 UPITE (6 # 2)» 
31 F0B1AT(2 (U/J ,?)X,'J t Y'„35X # 'A 3 G II 5 T«, 

1 MY»*J ! !• t » U t F'J 

GO TO 100 
1 IP (TrAR.Ej.l -AHD. 17)51. 1E.0) tffiXTE(6,S2t 

52 rOB1AT(2 (U/» ,) r )X # • (i:- 0C70B!», 5QflRACT Dir HOUR TROI 1LL\ 
1 ■ T:i»S AriEK LAST JITIRDAT) ♦) 

WRlTE(6 # ?u, 
■»» »0B1AT(? (11/) # 17X,'0 C 1 C E r n« # 3JI,'H I E fl B l I 
1 2°X,' 5 ! C 5 1 U l'| 
1)0 UHITECi, 1201 

120 ronnAT(i i/-»,^ (1*-) r *t#*-ActH-i . ui # «o (iii-i /ui, 

1 3(3X,'FfcJ1 SUUBU} 2<JH3 A5B 1AC»FID ISHA ' # «I» /* X # 

2 3('DATP DAHH SBRISE HC01 A»H00H SHSIT «ICHT«,»X)/ 

3 «I,u0 (1*1-, ,H* # %0( 1H-) ,ux,*0(1H-J ) 
HET.JM 

no 
c 

c 

siiosncTi»:: cr. hstmteapi 

C CnipuiEli AJMO CC15TASTS TC9 JAS CP GIUEH TEAR 

C 

C T*|fS - T!"T rROH 12 HB(HCCH), JAH C, 1*00 10 HB, JAH Or HTCAR 

C T • 5A1I :i JJUA1 CEHTCSJ.ES(UM1TS cr 3053^ OITSI 
C ©**L - OELIDUITT G* rCLTfTIC 

C Or-MIII.LTLOK^DSLSID T OAIL* 1C1I01 (ChAHCI) 11 5UH • S AHOAALT. 
C 3*Jlt»S 1Efc'i LCH^-.ITTP'. ClOeitll 7!1F 

c asoho,s«lohgo # si:t-j * 5U*a'S tsa* moiait, SflH*S ilah L0M6ltflflP« 

: sroiTRrit +T*t, AH «T H.1 # JAH Ot 7EAH HTKAR 



i»tq ^bibi^i 



yjkdiWcrt *\y> *M\pi\ 

WHf+ r Schcdule Coaputatioo 

C ci,c? - co«:rf iciehts :n equatic» cr ceit«s 

Dr»U6LE PRECJSIO» ^nCDrOATA» 

OOUClE PtEClSIOl T, DPl, DCE C,SEC, OBA0, DECBEE, ELORC,0I»CLbG,DX 

comcb /ruTn/n 

CO3-101 /ASrR/OBL,DflAH01,D1LOBG,AiOHO,SHLRCO,C1,C2,DEL51J,SIDTIlO 

DRADC>EG1EE)-D!10DtDECBEE, 360. OCO) «EPl/ 1*0. ODO 

CD*;(I3EG,aiH,5EC) -IDEG »«18/60. 0D0«5EC/3 600. ODO 

T*0DB(IHOUS,1TII,SEC)-DDEG<IHC0B, FIR,SEC) 

CPI-CATAN (1. 0D0) **.0C0 

PT-Drt 

inAT5-("TCAR-1900) • 3 65» (WTEAB- 1 50 11 /1 

T-(*C»TS-Q. 5D0)/3652 5.0DC 

ibl-C«aD(DoEC tn,?7,*.36 0)-DDEC (0,0, U6 . BU5D0) *T) 

npjJincn»riHD(DOEG r 359 99* 2, 59- IGDC) /36525. 0D0) 

nLOWC-DOADC>DEC(36C00,u6,a. 1300) /36 5 25. ODC) 

DX-DnAD(DDEG(279,U1, U8. OUDO) »DD1G (0, C , 1. Cfl9D0) *T*T) * 
1 DRAD(DCPG(H0O0,U6,8.13D0) *T) 

SSLWG0-DHOD(DX,2.0D0*DPI) 

DI-DRA'>no r .G (358,28, 33. 0C0) -DDEG (0,0, . 5«DO) • T*T) ♦ 
1 DSAOtDDEGI 35919, 2,59. 10DO)»T) 

**O*0« 010 0(01, 2- 0D0»DPI) 

n»LSID»nHO3P(2«00 # 3,1.S**2D0l /36 5 25. 0C0 

DX«DHO0R<6,39,U5.136C0) »D10D (DHOOB (2U0O, 3, U. 5U2DO) »T,2U.ODO) 

SlDTHO-!>.lOf>(ni,2*.000) 

C1-DBAD(DDEG(1,55, 10.0S7C0) -DDEG (0,0, 17„2*C0)-T- 
1 OOEG(0,0,0.052DJ) *T«T) 

C2-DBAD(OftEG (0,1, 12. 33*00 > -DDEG (0,0, 0.36 1D0) -T) 

bitobr 

C 

c 

SOBWOOTIIir DAUIT(TEAR,LEAP, ICST,BEGIR,PI1ISH) 
C PIHDS MHETHEB TEAR IS LPAP (LEAP ■ 1 IP TES, IP RO) . 
C IP IOST IS 10H-Z»RO, TIIE1 AISO 

C rOBPOTES DAT NOS. POR DAYLICHT SlTIRGS UH* 51ART A.ND ERD 
C PAT 'O. Of HST SUBOAT CP APBIL (BEGIR) AKD 
C DAT PO. Or LAST SATIIDAT OP OCTOBPB 

IrT»CE!l TrAR,SEGIB,PINISH,APB30,CCT31 

LCJtr-0 

"l-1OD(TEAR,a0C) 

11-.1CD(TEAR, 100) 

IF (RU.ru. .CR. R1.HE.0 .AHO. 1CD (T! AR, U> .EO. 0) LEAP- 1 

ir (30ST. NE.O) CO TO 5 
C 1« ADJUSTBEBT POP DATLIGHT SAYIRC TIHf (TTAF 7ERO EOP PEBPETUAL) 

ElGl*-)67 

•TSISH-0 . 

S»T3FN 
5 IP (YEA". ME.O) GO T"> 10. 
C rUTLTClll SAIlin TT«F I* PEBTETUAL CBLIBCAB. HAI 1 THrU OCT 31 

B*G.IK-H»29*31»3J»1 

•INISH-Br,CIH-1»31»30»11»31»30»31 

9t¥Oll 

C 101-EERO TfAR. rCR ASNiJAL CALEBDAD 

C JA!"0, A?B30,OCT31 - DAT OP W!EK CB THOSE DATES (P1I-0 ,SAT- 1, SUB-2,. . . ) 
C 1APR30,*OCT11 " no. OP DAT II TIAH C» TKCSr DATE3 
10 JAH0-1OD(1U/100« 12U»1»Hl»H/U-LEAP,7) 

HAPRl0-31»2 o »lE» P»11 ♦ 30 

10CT31- 365 »LEA*- 31-30 

APhlO-lOD <HAPP30»JAMO,i) 

OCT31-10D (10C1 31 ♦JA'10,7) 

DPGI*»V.\PP)0»2-AFR33 

IP (PEGIR.GT.KAPH30) BICIM-B ECI1-7 

PtKI5I!»NOCniH-OCT31 

If (rj*TSH.G7.*OCT311 ri*I3K-riHI5B-7 

R»TURH 
110 

•OiriTO'1 0IBLA(!) 



Pr*7*" Schedule Coiputdt Loli 8 

C »»TURNj niR*>CTTCN CF CjIULA I :J BACIANS. JA5TkAF.n FRO" \GHTII IS ?OS. 

RIAL LAT,LONf., LONGO,LA*0 
C LO1G0.HT0 AHE LONG A1D LAT OF 3ECCA IN SADIANS 

C01HCV /1ATH/PI 

COHnON/POSN/LAT,LATn,I.ATri,LONG,LONG&,LONGn # LSIDII 

DATA L*1GO,LAT0/-.& t n7f,fl< l/ . 37q3731/ 

DPLONG=LONG-LONGO 

0TBLA=ATAN2(5IN(DFLCNC),CO5(IAT) »T A t; (L AT 0) -51 N (LA7) *CGS (DTLONG) ) 

RETURN 

BHO 

c 
c 

rOKCTION TSIIAD (1 CAT , P EAR1G) 
C RET0RHS TIHE HHEN SHADOM IIAS GltEN LEAHSG CLCCKWISE TO NORTh 
C IT 10 SOCH TI1E. TDtN 1ETUPNS A LAPCE PtPPEB 

BEAL LAT f 10HC,L0CHT,LCIIGn f LSIDH 

C011CN /HATH/ PI 

COMON /ASTR/03L.DSANOH # DELClG r ANC«l0,SnLN.;0,Cl,C2, OELSID, SIDTAO 

COAnON/PCSM/LATriATD.LATN.LdllCLCNCO^LONCI.LSTDH 

TSHAD-1.0P.7 
C riBST HAKE SON'S ASlnUTH BETHEEM ANC 3*0 CEGREES, THEN bETHIEN 
C -1P>p AND ♦180. IF A2I10TH IS PCS£TIVE, 1INE IS A..1. f ELSE P. H. 

C APPROIIHATE TIWES ARE B Afl AND M PH* 

AZ1TH«A10D(BEARNG»3. 0*PI # 2.0*PI) 

TTPIEO-P.O 

If (AI1TH.LT.FI) GO TO 20 

AMTH-2.*PI-AZ1TH 

TTHEO-16.0 
20 tOIGH*LONC*12./?I 

OATS-NDAT* ( T I. 1 1*0 *L01GH) /21.0 

ANOnLT» ANOJ10*C1A!I01«DATS 

S1L1C»S!1LN?:0»01LONG*CAYS 

SL0SG«S1L1G*C1*SIN(AKCnLT) »C2*SI h ( AUCTLT *2) 

RA-ATA12(CQS(0Bl| «SIN (SLTN G) ,COS ( SLCNG) ) •12.0/PI 

If (RA.LT.O.) aA*RA»2<*.0 

SINDCL*Si!l(ORL)*SIII(SLCNC) 

DECL-ARSIN(SINDCL) 

TH»TA1=ATM2(C0S (LAT) *CCS ( AIHTi:) ,Sir (LAT)) 

TH*TA2-APC0S(SI1 (OECL) *COS (THEIA 1 ) /SIW (L AT>) 
C GET. (POSSTDLT THO) VALUES C r COALT. SILKT Tft LARGEH DNE SC 
C THAT W£ HAVE CCALT <■ 90.83 DECBEES (I.E. SU* ABOVE HCRIZOW) 

COALT1=AHOD(2.0»PI»THETA1»TniiTA2 f 2.0*PI) 

COALT2«A1OD(U.0*PI*TH*TA1-THITA2 f 2.0*PI) 

ir (AHIN1 (COALT1 # COALT2h.GT.S0. 63/16 0. 0*PI) PETU"N 

C0ALT*A1AI1 (CCALT1,C0ALT2) 

ir ICOM.i.r,T.0 0.ei/1flO.O*?I) CCALT=A"IN1 (CCALT1,C0ALT2) 

CO5HA»(C0S(C0ALT)-SlN(DrCL)* 51» (l II) ) /C05 (CEC L) /COS ( LAT) 

ir (A*S (COSHA).CT.I.O) *ETORN 

HA-ARC0S(C1SHA| *12. O/PI 

TP (Tin»0.LT.12.O) MA«2tt.0-HA 

LCCnT*HA»RA-DELSID«DAf $-SIPT?lO 

TSIIAP«LOCHT»LCKGH-Li;TnH 

IP (TSHAD-LT.O.) TSHAD«TSIIAD»2«.0 

I r (TSI'AO.GT.2U.O) TSHAn = T5ll*D-2M-0 

RETURM 
C 50 TP (S.NP.O) ^TUIIN 
C "«1 

C SOL-PT-SCL 

C 00 TO 40 

*ND 
C 

c 

3UBR0UTINE T:?IE2(N,NA1£,TIAR,ICST,C1REC) 
C TITLES TO* OIT.H IMCICATOR CKART 

I1TEGER TEAn,CI3 («) * S3NI MG„ SGNL AI f SGNC I P,0 IBD , TIB1 

REAL LAT,L03G 

LCGICAL*1 LATCI(O) , LCHGDI(t) „QICC*I(6) 

niPJKNSION NA1F(7) 

COinON /1ATK/ n 
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amON/POSVLAT,LATO,LATH f LONG f lON<;D f lONGn r LSTDH 

PATA DIP/1HE, 1HW, 1HN,1RS/ 

DEGREE(X) *X*T80.0/PI 

CALL HRrtIN(IA!?S(LATT:),LATB,LATDII) 

SGNLAT=DI3(3) 

IF (LAT.LT.O.) SGNLAT-DIR(tt) 

CALL !IRHIM(IAPS (LOHGD) , LOWGK , LON GCfl) 

SG*LNG*DIR(2) 

IP (IOMG.LT.0.) SCILNG^DIR (t) 

AnSQTl*ABS(DI3 2C*nO.O/PI) 

9IBD-A3SQIQ 

QTBn»60.0* (ABSQIB-INT (ABSQID)) *0.5 

IF (QIB1.LT.60) GO TO 35 

QXBH»-1 

QIDD=QIBD*1 
35 CALL HB1INfQIDD # QID.1 # QIBDfl) 

sr,NQin»DTi(i) 

IF (DIREC.LT. 0.) SGVOID=DIP (2) 
TP(YEAR.EQ.O) GC TO 40 
WRITE(6,37) YEAR,NArE 
37 FORMAT(1II1/ 1X/ ,ttOX,I4,' A.D. giELA INCICATOR POR ',7Att) 
GO TC 45 

ttO WRITE(6,tt2) BAHt 

U2 ?ORflAT(1H1/ 1X/ ,ttOX,'P*RPETUAI CIELA INDICATOR FOB ■ ,7AU) 
tt5 VRIT£(0 f 4A) LAXDr,SCKLAT,LCNGC!1,SeNlhC r GIBt!1,SGriCIB 
»8 FOBfiAT(1X/3lX,«lATITIIDE = ' , 6A 1 , 1 X, A 1 ,6X, ■ LONGITUDE = » f 
1 1X,6A1, U f Al f 6X,»QIBLA » ' f 6A 1 , 1 X , A 1 , • (FR01 *)•> 
WRITE (G f 49) 
tt9 TORAAT(2(1X/) ,17X,"T1PE WHEM CIBII 15 AT GIVEN MGLE TO SIIADOW 

1 • OP YSBTICAL CBJECT , //tt8X, 1 (* IKCICATES NO SUCH TlrtE ON » t 

2 'THAT DAT) •) 

00 TO (1,2,3,tt,5,6) f K 

1 VRITE(6,21) 

21 wonnAT(2(1X/) ,29X,»J A H U A R Y»,51X,'F E P R U A B T 1 ) 
GO TO 100 

2 IF(YEAR.EQ.O .ANC. IDST.NE.O) WRITE(6,51) 

51 rORSAT(2 (1X/) f ttOX,' (IM APRIL, ADl CBE HCURTO ALL TInES• f 
1 AFTER LAST SATURDAY)') 

BRITE{6,22) 

22 P0RnAT(2(lX/) ,31X,'P1 A F C H',56l,«A H I L'| 
GO TO 100 

3 URITE(6,23) 

23 F0R?*AT(2(1X/) ,J3X # «1 A t*,5Vt,*J U N E«) 
GO TO 100 

tt WRITE(6,2tt) 
2tt ?0RHAT(2(1X/) ,32X f • J U L T«,56X, f A C U S T 1 ) 
CO to 100 

5 IF (YEAR.EO.O .AND. IDST.NE.C) NPITE (6, 52) 

52 t, orha.T(2(U/) f 35X f • (IN CCTCBER, SUDTBACT CNE HOUR FROH ALL' 
1 f ? TI1ES AFTER LAST SATURCATJ») 

WRTTE(6,25) 

25 r*0RflAT(2(1l/) f 27X # »5 E P T E P. B E P- f 50T,'O C T O E E R«) 
GO TO 100 

6 WRITE(6,26) 

26 F0nriAT(2(1X/) ,28X,»>I O V E fl E E R*,*0X,'D E C E 9 B B R«) 
100 WRITE(6,120) 

120 FORHAT(1X/6X f 59 (1H-) , 6X , 59 (1H-) /61, 

1 2(6X,'ANGLE (DEGREES) CICCKWISS FBC«1 SHADOK TO Q1BLA',13X)/ 

2 2(6X f -DAY tt5 90 135 160 225 270 

3 «315 M/,6X,59(1H-) ,6X f 59(1H-)) 
WETURN 

END 
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Predictioo o? Cresceot's risibilit) 

C PROGRA1 T") COSP'JT c ODS^R V *TION DATA FCF NEW CbESCEMT CBSERVATIOM 

C 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

c 

C WHITTEN DT 

C 

C S. Kl!UL A3DAII 

C rATJIETATICAl SCIENC2S DEPA Hl .1 ENT 

C RFNS5*LAER POLTTFCHNIC INSIITUTE 

C Tf*nr, SEW TORK 121f1 r USA 

C 

C 

CCCCCCCCCCCCCCCCCCCCCCCCCCC^CCCCCC 

c 

C T1TS PRCr.PAIi CCSPUTES A NO PRtNtS CUT ALKANAC CATA FCH OBSERVIH'S 
C THE 100* 0»! AMT SVE*I*'; 0? P309AELE NEW CRESCENT V1SI3H.ITT. 

C IT ALSO DETEpiUHES THE I IKEL^IICCC Cr THC riCGTPS VI5IdILITT 

C AS "IIIGH", "MHB", OR "POOR" BASEC CH THE AL3EIHUNI CRITiRION 

C (SEE attacii«:d WRITE-UP.) 

C THE 100H»S ?OSITIOM IS COHPUTID FRO!" TEIG SEP^ES VA LID POR 

C THE PSTIOO 19*30-2100 APPRCIIHATELY 

C 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 



TredictioD of Crescent's visibiXity 

C 

C I1P0T DATA TO DESCriBE TI*E SHCULD BE 01 UN IT S # **, POLLOBS. 

C 

C * CA3C GITIN3 THE DATE 1*10 THE GREE*BICH HEAN IHE OP TME 10ST 

C '«ECESI ASTROSOKICAL "HFB FCCB r KHICH PAS CCCU-ntC DUOHE TbE -. 

C ETE1IKG FOR UHICII THE CHESCEWT OBSERTATIGN CATA IS UESIRED. 

C COL. 1 - 4: mi» A.D. (1«00 THHU 2100) 

c col. *> - s: noNTi (i thro 12] 

C COL. 9 - 12: DAT (0 TH8U 31) 

C COL. 13 - 16: riOUR (0 THSU 23) 

C COL. 17 - 20: BIHOTES (0 THRU 5S) 

C 

C 01F CH T03E CAKDS EACH GITING THE LAT6(S> O? TME Ef11I10(S) P09 

C MHTCH TltC CR*.SCENT CBSERTATICM OATA 15 DtSIEPD USIHC THE ADOVE 

c -ieb nooi* Tini. 

C COL. 1 - «: TEAR A.D. 

C COl. 5-0: fl01TII 

C COL. 9-12: UAT 

C COL. 15 - 3*1; TITLE WHICU BILL EE PRHTED 01 DATA 

C (E.C. "EHn CP P.UMAtEAP 1l01 B ) 

c 

C A CARE COITAIHINC A 3F.BC IN CCLUrtl» 1 1 C TEHPIHATE C0.1PUTATICNS 

C OSIHG THE AHOYE '"1EW TOOI" TI1E. 

C THE OATA CN LCGICAL UKIT S HAT HAT* !«CFE THAN 01E SET # EACII 

C 01 WHICH C01TAI1S PIRST A "1EH H-^OJ» TIHE # THE1 SETEUAL DATE5 

C FOR BHICH TH* CHESCF1T CDSERVATICH CATA IS REO.UIRED, AND 

C PIHALLT A CARD COSTAIMI1C A IERO II CCL0.1I 1. THE PBOGRAH 

C EXECUTI01 TEP1E*ATPS UH*N AH END-CF-FXLr IS EICOUNTEhEn 01 

C OHT 5. 

C 

C 

C T1PUT DATA ADOUT LOCATICNS SHOUID EE F»CVIDED CN LOGICAL UNIT 1, 

C BHICH SIIOULD BE A P*?I OP D2SR PIIE CAPA8LE QT DEING BGWOUND. 

C FOR EACH LOCATTON OESIlST, TUE IWIUT SHOULD ITICLUCE THBEE CATD 

C I1AGES UITH THE FOLLOVXRG DAIA LAIOOl: 

C 

c capc 1: 

C COL. 1 - 2«: 1A1E Of PLACE. 

C 

C CARD 2; 

C COL. 1 - «: DEGREES II LATIIUDE Cf PLACE. 

C COL. S - *: IIIUTtS IN LATITUDB CP PLACE. 

C COL. 9 - 12i DEGREES II L01GITUDE CP PLACE. 

C COL. 13 - 16: HIIUTES IH ICNGITOOE CF FLACF. 

C COL. 17 - 20: DEGPEES II LONGITUDE CF STASDARD TIfiE. 

C COL. 21 - 2*: 1I1UTES II LORCITUDE CF STASDARD TT12. 

c 

C (1 O T E : IP A LATITUDE 03 L01CITDC1 I' 1ECATIYE, 0*LT IIS 

C DEGREPS PA RT SHCULD EE FBEC!D!D DT A 111'JS SIC1.) 

C 

C CARD 3: 

C COL. 1 - U: IG10HED 

C COL. S - fl: 1 # IP DATHGHT SATIIG TIHE ADJUST1ENT REgUlRE*), 

C 3, OTHE3BISE. 

C (1 T ?. : THIS ADJUSTPRBT IS DCIE tJ ACDTNG CHP HOUR TO ALL 

C TISES PROH THE LAST SOBDAT II APRIL TC THB LAST 

C SORDAT IH OCTCBIB. 

C 

C <l T E : THE DATA OH CARDS 2 AIC 3 ARI ALL INTEGER. THET 

C SHCULD BE BIGHT- JOSTI P IED IH IHEIR RESPECTITE TIELDS.) 

C 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

C 

C THE PBOGRAH PRODOCES THE O0T"UT Cl ICGICAL 01IT 6. 

C 

r'ccccccccccccccccccccccccccccccccc 

c 
c 



Uf -^u">&» 



pc«-1ictioii of Cccscpnt's VinU>itity 

RSAL LAT # Ln^G # LONGll # 'STDI1 

R»Al 10HA # 1LtiA # 1CCL # 1A Z Z1 # r. ALT # 1 AZ II 1 # SA LT 1 
roiBOH /HATH/ PI 

CO-IMCM/prSN/LAT.LA^O^I^T-^LCNCLCKGD^LCHr.n.LSTDH 
COIHC* /IIH^S/ HDAT # 5TSUN # UTS IN # ST HUK # STC VL # UTCV1 
COHOW /COOH3/ S3CL # 5LHA,SAZ:H # HCHA # HnCL # nLHA # HAI.7 # .HAZI.1 # 
1 DASIrt»AN^D*3T # ?:A2Xnl # n*LT1 

THTEGEH NA1E(5) # NEW1US (5) # Z GN LAT # SGHI NG # SGNDAI # HEGDST # f1 NDST 
TNT-ECCR AHP1 # !II J0AT( r i) 

INTEG5R ST w f&)/lHN # 1 HS # 1IIE, 1f N, HlJh, 1HP/ 

TITEGrP 10NTS (12)/3HJAI # 3HFEB # 3lirAE # 3llXPR # 3llHJlT # 3HJUH # 3HJUL # 
1 3HAHG. 3H5EP f 3HOCT f 3HWV f 3HCEC / 

PP.At»» POOB/» P0O9 •ASOHE/ 1 SCHE •/# 
1 n!GH/ a H2Gil •/, VS3LIT 

PADIAW(X) -X»PT/1H0.0 

EEGREE(IDEG f 1IIUTE)=ISIGN (H IHJTE, I DEG) /60. C»IDEG 
10 nEHIHO 7 
C REAO 9A5E AND TTHE 0» ASTBCNCKICAL ">EH ?O0H H . 
READ C%20 # ESD-26O) MEH1UN 
20 •OBrtAT(lm) 
C 3EAD DATE TO!? BIIICH CHSSCEHT CBSiRTAIIOH 0A1A 15 TO DE COHPUTED 
100 R»AD (?i # 105* r HD"263) IT^AR IKCHTH, I C ATE # H IJDAT 
10S FOniAT(3IU,2X # 5A«) 
C TEST ir EHD Or SFT OP DATES FfR NHICH PFESENT "NEH *00H" TIHE 
C TS APPLTCABLP. EH!> SEUTIN2L IIAS TEAR « tt DATE. 

TP (ITEAR.EQ. 0) GO TO 10 
C HOT A SEHTIN*L 3 UT A GOOD OATK. PRIKT TAPLE HFADIHG AND CCHPUTE. 
■ RITE (6,108) IIIJDAT , lONTH (IHCHTH) ,IEATE, IYEAR 
10« »ORnAT(1H1 # *0X f 'DJkTA FQB CRESCIIT CbSE 1VATT0H •/, 
1 inO # »EHD Or » # SJlU/lX # A3 # I3 # « # a # IU) 
HNTTr(6,110) 
110 FORHAT(1HO # 63X # ' 100N ' # 1H» ,' S POSITICp KZ SONSET' # UX # 
1 -«*T CVL THILT'/60X # 32('- a ) # 1X # 12 («-• ) /2ttX # • L AT ' # 5X # 
7 »LO*G« ^.'SUNSET' ,1X, ' .1CCHSET " # IX # •CVTHLT a , IX , a HGE' , 
1 2X # » A7I.1TH' , 1X,MI0P DO*, 1 X, *AL1X1* ,21, 

4 •".NGL* , # 1X # »AIl!ttH' f 1 X # • A LTIT • # 1 X # MSBLIIT ' , 2X # "CRIT" 

5 /1x f «PLACE» f 17X # 'DG 1M« # 3X # «DG HH» # 2X # »HB HHJ • , 3X # • IIR HH' f 2X # 
H • II R 1N',2X, a HOU*5 a ,U, r rH0H N',1X, , FR SUN" ,2 X , a DEG • , 

7 2X # Tn SJH« ,1|,l*RCa H» f 2X # •DEG' # 2I # 'CHAHCES' # 2X # , >IPF' 
* /1X # 20 (•-•> # 2X # 6 (•-•), 1X # 7 (■-•) # 1I # t (•-•), 11,7 (•-•) , 

« 1X f 6(»-M # 1X # 5 <»-'), 1X # 6 (•-•)„ 1X # 6(«- a ) ff 1K,Sf***| . 

A U f 6C-') , 1 X f 6(» -') , 1X r 5C -•), IX , 7 (•-•), 2X, *<•-•)) 
115 READ (7 # 12O # KHD-250) NA1F # L ATC # L Al H # LONGD , L0HG1 # LSTD # LSTH # 1D5T 
120 •OB» - .AT(5Ai«/6m/4X # ia) 

CILL CONST(J*EAB) 

LJlT-P.A.niAN(DEGRFE(LATD # LH7H) ) 

LCHG>RADIANrDEGRE*(LCNCD # LCNG^)) 

LSTCH=DEGRE2fLSTC # LST1)/15.0 
C rtlO BEGINNING A1D EMJD 0F 3MTLIGHT SAVIIIG PE-RIOD 

CALL DATLIT(TTEAI # LFAP # I£ST # EtGCST # riHDST) 
C rTID DAT H01PER 01 GITIH DATE. 

HCAt-tUHOATdTEAB^IICHTIUIDATE.LIAI) 
C PIND SUHSET Ttin f CIVIL THILIGHT TIHE # nOOH'S POSITION AT 

c 33*3*1 A^rn at civil thilight # akd hccnsit TIRI. 

CALL SU1SET 
CALL CIVIL 
CALL HPOSIT 
CALL HP0S1 
CALL riUNSET 
C P^tPARE FOR PBIHTIHG THE CD5ED V ATIC R A L CATA 
LATMS«IAES(LATD) 
SGHLAT-STH(I) 

IE(LATD.LT.O) SGHLAT-ST1 (2) 
L*rHl-LATH/10 
litH^^HODtLATl, 10) 
LXGJkDS«HtS(LCHGD) 
SG1LNG«SYH(tt) 

IF (LOHGD.LT.O) SGHLHG»STH ( 3) 
ICIGHI-LOHGH/IO 

\46 j<Uh&sl 



• r ■ 

Pcediction ^: Orenceiit'!; Visiliility 

tCNGK2=liCD<LONG1,10) 
C nr^woPI lAYLT^hT SATINJ TIHP ACJOSIKEHT. 

IF (NUAY.LT.DEOST .OR. M DA Y. CE. F INDST) GQ TO 22> 
STSUM-31SUW*1.0 
STHUN S 5T1UN»1. J 
STCVL-STCVL»1 .0 
220 IHRSUN=S7SUM 

c enwKit n.iss mc A.r,. ob f.h. hctbs ak (Bcunntc) iinutes. 

JRSm- (ST5UN-IMS50N) »60. 0*0. 5 

IT <HNSJN. LT.63) GC TO 222 

«NSUN*0 

IHRSUN»IHRS0N»1 
222 IHR5UN-THPSUN-12 

1HSUK1-NNSUN/10 

H»SUH2"nQ0(niSJN,1C) 

IHRCVL«STCVL 

1RCVL= (STCVL-IHRCVL) •6'>.0»0.S 

IF (HNCVL.LT. 60) GOTO 221 

1|fCfL"4 

IHRCVL=INRCVL*1 
221 IHRCVL"IHRCU-12 

1HCVL1"HNCYL/10 

1MCVL2-10D(1NCVL # 10) 

IHR10N-ST1UN 

ihnun- (stion-imr.iun) •60.Q»o.5 

TF (H14UN.LT. 60) GG TO 22«» 
1N1UN-0 

IHR.1UN«mR1UN*1 
21* *-P1=5T1(5) 

ir (Imhiui. lt. 12) no tc 230 

ArP1*ST»(6) 
IHRHUN-IHR.lUN-12 
230 INIUNI^IHIUN/IO 

HWIUN^IOT) (HNSUN # 10) 

C COHPriTE HOOWS AGE at sunset 

AG5-UTSUH- (N»*H1JN(5)/60.0»NEyrUK|*l) ) • 
1 (NDAT-NU1DAY (N EW"*UN ( 1 ) , NEH PU N (2) , h t HU 1 ( 3) # LH r|J »24 . 
nAZAeS-A9S(0ATIH) 
SCNCAZ-ST1(1) 

TP (DA2I1.LT. 5.0) SGNDAZ = SY ( 1 (2) 

THPESH-(-0. 97 lu 3 r-2*DAZABS-0. 1371« f-1)*DAXAnS »10.171*3 
CIFf ER* (HjALT-TH3ES!l)/THPfSH 
VSnLTY»SC1E 
IF (LIFrt°. LT.-O. 1) V53LTV=POOH 

ir (tirprR.^.T.o. i) vsnnY=Hicu- 

WRITS (6,2*0) NA^E.LiTABS # LATH 1. LAI12, SGNLAT,LNG*.PS, L0NG.11, 

1 L0NC12 # SGNLNG, IHr.SU1 # INSU'11^ -N f UN? , I M!l HD N # .1p«"J>i 1 # .1N.1MN2, 

2 AHP1,TH^CVL # nNCVL1 ,HNCVL2, 

1 AGI # 1AZI1 # DIZADS # SGNDA2,PAlT # AKCDSl # iA2I11 # PALT1 # tf5PLTT 

«i ^Dir^^R 

2U0 FOR1A?(ir # 5AU.2X,I2 # ":' # 2H,A1 # 1I # l3 # ':« ,?. 11 # A 1 , U # I2 , • : • # 21 1 # 

1 'r« # 2I # I2 # ':« # 2I1,Al # 1I # I2 # «:'.2T1 # «PS 

2 U # F0.1,U,F5. t. 9 *f* # u ff rs. t # i1.1I,>S. 1,U, 

3 PS. 1,2t,F5. 1 # «H , ,1I,F5.1,2I.Ji6 ff U,l5.2) 

cr TC 115 
"•53 RE'iIND 7 

^O TO 10 •> 
?60 wn:r«(t # 270j 

370 *ORHft?(1'M) 
1T0P 
PND 



7UNCTi0N VDK3AT(Y ff !l|C ff tU n ) 

i -P«:TU ;iS *)AT NO. TN YF*R Y CF CATI C IN TCNT II "» 
< L!AP=1 IE TEA!> IS L2AP # Z\ NCN-LEAT 

INT^rR y # h # d # l<:ap 

KI1C.\Y=D» (K-\) •J0»5*1/ IJ - ("♦ >)/'0*(2-l?AP) 

PFTURN 
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prMlCtLdB of CroBccnt'3 Vici^ility 

»N0 
c 
c 

SUOPOOTINE 1POSIT 
CO"»UT r S :1C0N'S POSITTCN AT SUNSEI TirECKCAY, IJNJVERSAL TIIIP UTSUII 
C 1GH.\ # nLHA # HDCL i 1O0WS GIIA # LH A # £EC 1 1 KA 1 ION 

C flALT,*-AZT1 # ANGDST*HOCN*S ALTIT UCE # AZI KU7H, ANSULAn 015T *BOH iUN 
C DA7IN= 100N*S JU3IITH D 1 FF?»ENC E ( • IP NCIIH) FROfl 3UN 
C *4lf1»3.ASIR1"SOQ3'S ALTTTUDE, A^TKUIH AT EHD or CXVTL TKILIGIIT 

PEAL LAT # LONG # LONG!I # LSTDH 

RTAL HnilA # lLnA # 1DCL # flA7I1 # lALT # HA2IHl # HALT1 

CCMON /1ATH/ PT 

C01.1CN/PCfN*/1 Ar # LA?D # LATn # LONC # LCNGD # lOIIGn # LSTDII 

COHHCN /TinrS/ MDA Y # STSUN # UTSCK # STrUK # STCVL # UTC?L 

CO1H01 /COO"C/ SDCL # SLHA # SAZI* # 1GHA # ■DCL # HlHA # 1ALT # flAZlH # 
1 nAZin,ANGDST f BAZin «HALTI 

NA1ELIST/**PO.S/''DAY # UTSUN, DA YS # MGH A # H IHA # BDCl # .1ALT, 1AZin # 
1 SAIII.CAilCAIi^ST 

CALL HHADCL(UTS'Jtf) 

"LHA=1GHA-LOHC 

1ALT=AnSIN<SIN(,lDCM *SIN(LAT) *CC5(HC<1) *COS (LAT) •COS(HLHA)) 

1AZTfl=ARS(ATAN2 (St* (1LHA) # CCS (LAT ) *T AM (HDCL) -S I H (L AT ) *COS (nLHA) ) ) 

SI.HAH=SLHA*PI/12.0 

SAZin-ABS(ATAN2 (STN (SLKA.4) , CC5 ( L AT) *T AH ( SDC L) -SIN(LAT) 
1 *COS (SLIIAT) )) 

*A2I1«SAr.I1-1AZIfl 

AI.TSUN=-0. 33 333*r» 1/160.0 

AtfGDST=ArCOS(SIN(ALTSUN) »SI»(PALT) *CCS (ALTSUM) *COS (HALT) * 
1 COS (DA7I.1))*1flO.O/PI 

nALT=1ALT*1R0.0/?I 

rAzin"(iAZii»iPo.o/PT 

DAZI1=DAZI1*180.0/f»I 
C iiRITE(6 # «POS) 

MTUSN 

RNTRY HP031 
CO*P0TFS 1CON»S POSITI01 AT £ND OT CIVIL ThlLIGHT 

CALL 1IIADCL (UTCVl) 

1LIIA=1CHA-LONC 

•ALT1 = APSIN(SIN(nDCL)*SIH(LAT)»CCS(flCCL) *CCS (LAT) • CQS (rtLHA)) 
1 *1fl0.0/PI 

HAZIK1-ABS(ATAN2 (SIN (HLIIA) # CCS (LAT) •TAN(HDCL) -SIN (LAT) • 
1 COS(ILHA) ))«1P0.0/PI 

BITOBN 

*VD 

SUnPOUTINC 1UN5TT 
COHPUTES TI1E CF HOONSET OH CIVEN CATE 

C •TM'JN,ST11IN«UNIV-RSAL TlNE(IN D ATS) , ST A *CABD TI1E(IN HB5) OF HOONSET 
C OTSUN*UNIV. TIHE OP SUNSET # USED AS FIHST APPDOI. TC 10OMS2T TIHE 

B*AL 1IICAO # 1f:t1Al,»ILHA0 # lLHAl 

REAL LAT,L0NG # LONGH # LSTDII 

REAL 1<^HA # 1LHA # 1DCL,HA7.T.1 # r:ALT # .1AZIHl # nALT1 
C011ON /1ATJI/ PI 

COinCN/POSN/!AT # LATD # LATl # LOj:n # LCNCD # lONGn # L5TDH 
COIHCN /TI1ES/ NnAY,STSUN f UISCK # STnUH # STCU,UTCVL 
C01HCN /COORC/ SDCL # SLIIA # SAZI1 # -«CHA # nCCL # niHA # 1ALT # «AZin # 
1 DAZin # ANSDST, HAZI H 1 , HA LT 1 

DOUDLE PRECISION DAYS 
STflU*1 = 1.0E"' 
TIT.1U1=OT3UN/2U.O 
DAYS=inAY»UT10N 
CALL HHADCL(UTSUM) 
1G!IA1=f!GHA 
1LHAO=1GHA1-LONG 
B ^LHA = 1«lT.ni*PI/ 140.0 

COSLIIA= P.0O233-SIH (LAT)*SIN (IDCL)) /CCS (LA1> /C05 (H'JCt) 
I? (ADS(COjLHA) . GT. 1.0) RETUtM 
NL||A1 = ARC0S (COSLHA) 
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rr*<Hctioo of Cr*sc*nt<s Visibllity b 

OtLTII- (1LHA1-.TLHAO) /DELHA 

If CCELTn.LT. -0.5) DELTM=DELTI"O.0-PI/rn.MA 
I? IDELTIH.GT. »0, r j) DELT »■ DELTir-2 . 0*PI/CELIM 
UT1DR«0T1UH*I>ELTI1 
10 I* CDELTI1-LT.0.0OS) GCTC 20 
IGilAO-ICHU 

HLHAG-HLHAI 

CALL SHADCL(U71«N*2«.0) 
1GHA1«1CHA 

CILHA- (1CHAl-1(illAJ)/DELTI1 

IF (nELHA.LT.O.O) [>rLnA«DELHA*2-0*Fl/CCLTir 
COSf.HA« (0.002 33- SIN(LAT)«S:N(HDCl) ) /CCS (LAl) /COS (SDCL) 
Tf lAOS(COSLHA) .CT. 1.0) FETUFN 
ILHH-ARCCS(CCSLHA) 
CELTI1- (1THA1-1LHA0) /DELRA 
0THON«UTH0M*DELTl:i 
CO TO 10 
20 STHUN»UTnUH-2U.0-LSTDH 

RETUHN 

EHD 
C PIH05 KHCTHER YEMt IS LFAP (LEAP - 1 IF YES # C IF NC) . 
c ir idst is hoh-7.eio # then also 

C CP1PUTES DAT **0S . FOH DAYLIGHl SAVI>GS TIOE START JtlD END. 

C DAT HO. or LAST SUKDJhY 0F APRIL (BECIN) AHD 

C Dll V0. 0F LASI SATHDAf 0? CCTCBEB 

C IP IDST IS ZERO (DAYLIGKT SAVING TI1E NCl OPSEKVED) , THEH 1AKES 

C RANCr Of DATLIGHT 6A I S PHtTY B Y SET1IKG BEGII,fIlTSH« 367,0 

IWTECEH TE1H,BEGI»I # ?IMSH,APH30 # CCT31 

L'AP-0 

1*«1CD(YEAR,U00> 

Hl«HCD(YEAft # 103) 

ir (hu.co.o .or. ni.NE.O .anc. rcn (YFAi .,>., . :- ■■... oj l la < 1 

ir (IDST.HE.O) GO TO 10 
C DATLIGJIT SAVIMG TIH* NOT CBSERVEC. SET CAYLIGHT *A'rCE TC EHPTY 

9ICIH-367 

»THIS?l«0 

RETURH 
C .JAH0 # APH30 # OCT31 « DAY Or WERK CN TltCSl EATE5 (FR I=0 # SAT* 1 # SUM«2 # . . .) 
C HAPB10 # NOCT31 ■ NO. Or DAT IH YIAR CN THCSE DATES 

10 JM0«HOD(H<l/ia0*l2*t* UH1M1 /4-LEAP ,7) 
NAPft30«31»28»LEAP*-11 00 
3OCT31«365*LEAP-31-3 
APH30»HOJJHA?H3O*JAN0 # 7) 
QC73i«1OC(HOCT31»JAN0 # 7) 
n»GIN«HAPBlO»2-APB30 
IP (BEGIK.GT.NAM30) BICIH- BECI.N-7 

fIHISH«NOCT31»1-CCT3 1 

ir(riHISH.GT.N0CT31) FlHISH«MN2EH-7 
WETDRN 
EHD 

C 

c 

SOBROUTIHE HHADCL(UT) 
C CGHPUTSS HOON*S GIIA AND CICL AT UNIV. 1I1£ 'JT ON NDAY 
C USTS SERIES VALTD POR PERICD 1BCC-1900 «PPRCI I1ATSLY 
C BErERENCE: AL1A'IAC FOTt C0T1PUTERS, 1S78. (HE l!AV? TRUNCATCD THE 
C SERIPS 10 ODTA.1'1 SUPPICTEST "aECISIC* FCF CUR PJPP05E) 

REAL LAT,LONG # L)N^H # LST3H # LTSUN 

REAL IGHIMLIIA^nCl, PAZI.1 # HALT, rAZI1 1 # HA1T1 

C01HON /HATK/ ?I 

C011CN/PCSW/LAT # L)l?D # LAT.1 # LO>G # LCIiGC # lCNG1 # L3TCii 

CQ1H01 /TI1ES/ 1DAY # STSUH,UT£lN,S™i;»* f STCYL # UTCVL 

C011CN /C0OR1/ S!>CL,SL!IA # SA2I" # "GHA, rCCL # 1LM, 1ALT, 1A;iH # 
1 DAtlH.ANGOST.IASinl^-ALTI 

DOUBLE P9»CI3:CN D.1CD # f)ATAN 

DOOBLE PRECISIOH ? # CPI, DSAD, DEG*F* rrFC,SEC # DX 
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DOUBLE PB!C2SIOW GO, AO,C0,NQ, DQ, EO, EG, NO,GESTO,DG, W,DC, DN,DO, 

PEAL G,A,C,N,D,D,-,W,G:iST,HSA 

DIAC(DEGREE)=D"IOC(DBCP.EI,3bO.ODO)*DPI/ieQ.ODO 

:)PEG(IDFG,HjIN,SEC)-SEC/3600.0DO#HIII/60.aCO»rDEG 

DBOUF(IHOUH,*I1.SEC)=DDEG(IHOUB,HIH,SSC) 

DAYS-NOAY^Ut/^tt.O 

G=DRAD(GO»DATn*DG) 

A-DRAD(AO^AYS*fH) 

C-DRAD(CO*DAYS*DC) 

*-DRAD(RO»OAYS*ON) 

D-DRAIMDOOAYS^Dn) 

B-DHAD(RO«DAYS*DB) 

P»DRAD(EO*nAYS*DE) 

B*DRAD(«0»DAYS»D«) 

GHST-DRAD(G1STO»15.0« 106 »639500» tl »NC AY*DGHST) 

THETA--0.01«3tt*SlN (G»B-2*D*H)-0.O1652*SIN(A»G*n-2*D*N) 

1 -0.01869*SI1 (2*A»B-2*C»1)»0.027*SIHf2*A»R»N)-0.029?tt*5IMA-B-^*D) 

2 -0.03759*SIM<5»B*H)-0.n3«B2»SIN (G-B-N) »0. 0«*n2»SIN (B*2*D»3) 

3 -0.0«77 1*SIN (B-N)-0.06505*SJM (A*B-2*D) »0. 13 62 2*SIN (A»B) 

* -0.1u511«SrS(A-n-2*D-N)-0. ie35«*SIWfP-2*C)-0.20017*SIN(B-2*D*N) 

5 -0.3889S*SIH(**B-2*DtHJ) M>. 402«8*SIN (A-D) *0. 659-*3*SIN ( A»B*H) 

6 ♦ 1.96 763*SIN(A-B-N) »«.95 372*SIH (B) »2 3. R96e«*SIN «B» N) 
BHO* 1« 50 03« *COS CA-2*B)- 1. 67* 17*COS (A *2*D) ♦ 1. 99<4t>3*COS (A*G) 

1 ♦2.0757q»COS(D) -2.«55*CCS (A*G) -2. 7«0€7*CQS ( A»r.-2*D) 

2 -3.83002*COS (G-2*D) -5. 37B17*C0S (2*A) »6. 6076 3*CCS (2*A- 2* D) 

3 -51.97626»COS(2*D)-68.f2152»COS (A-2»C>-395. 1367*C03(A) »3bQ9.3 37 
PNI*0. 01122*3 IN(A»2*D) »0. 01U 10*SIN (A-2*D-«) 

1 *0.01«1*5IMA»2*B-2*D»N) »0. 01 421*51 H (A-2*C) 

2 *0. 01506*S7N (A-2»B-2»D-2*R> -0.0 1567* SIV (2*B-2*D) 

3 »0.02077*5 IN (2 *R- 2*D» 2* N) -0.0252 7*51 N (A*G)-0. 02452*31 N (A-H) 
« -0.02 952*SX1 (A*2*B»*)-0. 3*87*5 IMC) »0. Q368«*SIH (A-G) 

5 -0.C3981*S:S (?*D*N) *0. 03*»8 3»SI I (2*B-2*D*W) 

6 »0.0«O 37*511 (*»2*B-2*D»2*H) »0. 0«221*SIM (2*A) -O.0«2 73*SI N (G-2*0) 

7 -0.05S66*SIN (2*A-2*D)-0.O56S7*SIN|A»C-2*D)-d.O6S«6*SIN(A»:2*B»2*N) 

8 -O.OA^^SIMA^D-HI-O.O^^SIMAtMJ-O. 1 1 •46 3*S IN (2*B) 

9 -0. 186 «7*S IH (G) -J.2G«17*SIM ( A- 2*8-2* N) »0. *9616*SI3 (2*0) 
A »1.071«2»S2N (N) -1.07M*>*SIS |2*B»N) - 1 . 28* 5£» SIK (A-2*D) 

B -2. «7970*511 (2*0» 2M) »6. 32962»SIB(A) 

*RA«C»APSIH (PHI/S0aT(PIIO-THETA*THETA) ) 
Hf>CL-ARSIN (TH*T*/SQnT(B'!f:)) 
1GHA*A!1OO(GHST-HRA*2.0*?I,2-0*PI) 

PPTUPM 

C 

c 

JMIIT COJIST(NYEAH) 

C 

C COHPOTES ASTRO COKSTAHTS PCP JAK CP CITIEH tEAR 

C HDAYS - TIHE PRO.I 12 IIR (1001) , JAN 0, 1900 10 HR, JAN GT NYEAH 

C T - SAHE TN JULY» M C^NTOPI *S (UKITS CP 36525 DAYS) 

CpI-CATan(I.OdO) *«.0D0 

PT«DPI 

HCAYSM-YEAP- 190 0)* 365* (RTE.B-1901) /« 

T« (HDATS-O. 5DC)/ 36525. OOC 

GO*DHOD(-1.5t-«*T*T»359. «7593300*35999. Ott9 75D0*T, 360. OPO) 
A0-T)HOO(9. H2D-3*T*T»296. 10*60 8D0»tt 77 19A. 8 «9 10800*7, 360. ODO) 
C0-DHOD(-1. 13 3D-3*T*T*2^0. «3»1 6«CC*«fl 1267. R«3 1<*2O0*T, 360. ODO) 
SO-DROD(2.078D-3*T*T»259. 18327500-193«. I«2C08DO*T ,360. ODO) 
OO»0HOD(-1.a3fD-3*T*T»3 50.737«86CC»««<26 7. 11021 7DQ*T, 160. )00) 
EO-DHOD(-3.211D- 3*T*T»1 1. 250891 DO»tt 8 320 2. 25 15D0M , 360, 0^0) 
EO"CHOD(9 8.3l875)CO»159 99.3728 66C0*l,36O.0C0) 

■0*0*^0(3. 10-i4*T*TO*2.767053D0»5?51«.211911t»0*t, 36 O.ODOJ 
GNSTO-DHOD(J.0 3D-«*T*T»95. 690983 3D0» 36000. 7fiRq2D0*T. 360. ODO) 
DG-35999. 0«97no0/36525. OoO 
nA-«771<lR.H M M 0800/36525. ODO 
CC»«8126"J.Sfni«200 ( /1652 5.0D0 
Dw— 1«3«. 1«20O**D0/36 , >25.0O0 
DD-UH5267 .1 1U217D0/3G525. ODO 
PR=« «3 20?. 02515^0/36525. ODO 
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r>P«35 99 9. 372 9 96D 0/3 6 52 5. ODO 
CH--SB51 9. 21191 1DO/36 52 5. CDO 
*GHSI«3 60OO.76992D0/36525.OD0 

C 

C COIPUTt CONSTAMTS OP SUN^S PCTIO PCS JAfc CP UIVIN TIAH 

C 

C NDATS ■ TIAE PRM 12 HF<HCON), JAN 0, 1900 10 0- HR, JAN OP HTEAR 

C T - SAHI IM JTILIAN CEHTURIES (UHITS CP 36525 DAT S) 

C OBL « OELTOUITT Or SCLIPTIC 

C DG,DG"1ST,DEL5ID « 3J.U1 10TI01 (CHAHGE) II SUN*S AMI.IAll, 

C SU1'S 1FAN LOMGITUD*, SIDE*EAl TIP.l 

C G*), S1LOHGO,5IDT!tO " SU S • S 1EAH AN01AIT, SUN'5 12AM LOHCltUDE, 

C SlDER^Al TIHE, ALl AT IIR, JAI Cf TEAT. MT2A2 

C C1 # C2 = C0»PPICIF1TS IN FQUATICI CP CENTEB 

09L-C3AD(!)DEG(2 3,2 7. 8. 26 DO) -DDEr. (0 ,0.M6. 8« 500) *T) 

S1LHf:0-D1Or)(3.03D-«*T*T*27O.6 9667ec0n6000.76892D3*T,160.0O0) 

CfLSID=DHOai(2«*OO f 3,<».5a2DO)/36525.0CO 

TK-DIIOUB (6,39,45. 83600) »0100(01100» (2*00, 3,«*. 5M2D0) *T,2«. ODO) 

STOTHO» D1OD(D*,2*.0D0) 

C1=DSAD(DCEG (1,35, 10. 057 00) -ODEG (0,0,0, 05200) •T*T- 
I DDE5(0,0,17.2ttt>0)»T) 

C2-DBAD(DDEG (0, 1 , 1 2. 3 3*30) -DOEG |0, 0, 0. 36 1DC» *T) 
C JRTTE(6,C0HSTS> 

C 

!NTnY fSVtSET 
lAnTLIJT/SMST/LONGII.LTSaU.MCAT^DATS.ilCNCM^SnCL.SLHAjUlSUN, 

1 STSUN 

c silh*; * suH's nr.kA lcn-itiide AT TIREO, SLCNC - TRUE lowgituul 

C BA ■ 5UN'S rtlGHT A5C2MS70N, SINCCL ■ SIN(5UH B 5 OCCLI.IATION) 

C SLHA - SJM»S LOCAL IIOUR ABGIE HE5T 

C LTSn*.STS»iH,UTSU"l r 10TA!. STAMDARD, UNITEPSAI TME 0F SUHSET 

L0HGI1-LONG»12./PT 

LTSJN-H.O 

00 10 1-1,2 

nA*S«'mAT* (LTSUH»L0MCH)/7«. 

AMOHLT»On»0(C0»DG»D*TS) 

S1LNC.«nHAD(S«IL!JG0*0GN5T«nATS) 

UOKG-SltLNjG*C1*s:H(AHc1LY)*C2*SlH(AMCUT»2) 

RA=mi2(C0S (ODL) •SII(SLOIG) ,COS (SLCNC) ) • 1 2. Q/?Z 

T» (RA.LT.O.) i1A-RA»2H.O 

*;iHDCL*SI<l(OBL) •SIN(SLONC) 

5nCLM»5IN(SINDCLl 

COSHA-(-0.01f4 5*3*-SINDCL»3IHLAT))/(SC«»T(l.0-SIMDCL»»2)»COS(LAT) ) 
C IP COS(SLMI) >1, THEN TIM2 C1MN01 B£ ETAIUATED 

IP (A8S(CO5HA).GT.1.0) I5T0BB 

SLHA* ARCCS (COSIIA) • 1 2 . 0/PI 

LTS'JN*SLHA*RA-DELSlI)«DATS-SIOTnO 

IP (LTSUN.LT.9.) LTSUN«LTSUM*2*l.O 

If (IT511.QT.2Y.01 LTSU1-LTS0H-2H.O 
10 COHTIHU* 

0TSUH-LTSQN*lCSG!l 

ST3UN = iJT5UN-LS7D!l 
C WRTTE (6.SNST) 

RETURN 
C 

EMTTIT CIPIL 
COIPUT^S TISE Of •*D OP CI7IL THILIGHT (SUH'S ZEMITH OIST - 16 DEC) 

c tbis PonriitE msT 3E callec apter CALlIHG SUHSET 

C SILHG^SLONCRA^STNDCL^SLHA AS ABCTC (PCI 5UN5ET ABGYE) 

C LTSD1,STCTL,U'C»L - 10C AL, STAMUABO, UMITIRSAL IXHI OP CIVIl THILIGHT 

COSHA-(-0. 0«528 5-SINDCL«5lS (LAT) )/ (SCRT ( 1 .0-SIMDCL**2) *COS (LAT)l 
C ir C0S(SLHA)>1, THEH TISR CAHHCT BE ItAlUATID 

IP (ABS|COSHA). TT.1. 0) 3ET0!IN 

LTSON-ABC03(COSHA)»12.0/PI»BA-DEISIC»CAIS-SIOT10 

TP (LTSUH.LT.O.) LTSnN=LT5UH»2M. Q 

IP (LTSUN.GT. 2U.0) LT3UN» LTSQH-2*. Q 

UTC»L-LTSUH»LCHGH 

STCVL*UTCVL-LSTDH 
*ETURH 

EHO 
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3 10 
3 20 


2-7194 
■7429 
•7652 


721 B 
7452 
7674 


7242 

74 75 
7696 


7266 

7497 

7717 


7290 
7520 
7739 


7313 
7542 

7750 


7337 
7565 
7781 


7360 
75B7 
7802 


7383 
7609 
7823 


7406 
7631 
7844 


7429 
7652 
7865 


81 50 
88 40 
8« 30 


3 30 
3 40 
3 S0 


5-7865 
5067 
-8261 


7886 
8087 
8260 


7906 
8107 
8299 


7927 
8126 
6317 


7947 
8146 
8336 


7967 
6165 
83S6 


7986 
8185 
B373 


8008 
8204 
8392 


6028 
8223 

8410 


8048 
B242 
8428 


8067 
B261 
6446 


88 20 
86 10 

88 00 


4 00 
4 10 
4 20 


5-8446 
-8624 
■8796 


8465 
8642 
8812 


84 83 
8659 
8829 


8501 
8676 
8845 


8518 
8694 
886? 


8536 

8711 
8878 


8554 
8728 
8895 


8572 
8745 

8911 


8589 
8762 
8927 


8607 
8778 
8944 


6624 

8795 
8960 


86 50 

85 40 
85 30 


4 30 
4 40 
4 50 


5-8960 
-9118 
-9272 


8976 
9134 
9287 


8992 
9150 
9302 


9008 
9165 
9316 


9024 
9180 
9331 


9040 

9196 
9346 


9056 
9211 
9361 


9071 
9226 
9376 


90B7 
9241 
9390 


9103 
9256 

9405 


9118 
9272 

9420 


85 20 
85 10 
85 00 


S 00 
i 10 

I 20 


2-9420 
9563 
-9701 


9434 

9577 
9715 


9449 
9591 
9729 


9463 
9605 
9742 


9477 
9619 
9756 


9492 
9 6? 3 
9769 


9506 
9646 
9782 


9520 
9660 
9796 


9534 

9674 
9809 


9649 
9688 
9823 


9563 
9701 
9836 


84 5 
84 40 
84 30 


5 90 

6 40 

5 50 


3-9836 
5-9966 
T-0093 


9B49 9862 
9979 5 99921 
0105 0118 


9875 

0005 
0130 


9BB8 9901 

T-0O17T-OO301 

0143 01 55 


9915 

•0043 

0167 


9928 9940 9953 

T-0055T-006BT-0080 

01 80 0192 0204 


J'9966 

10093 

0216 


84 20 

84 10 
84 00 


• 00 
■ 10 

• 20 


T-0216 
-0336 
■0453 


0228 
0348 
0464 


0240 
0360 
04 76 


02S3 

0371 
04B7 


0265 

0383 
0499 


0277 
0395 
0510 


0289 
0407 
0521 


0300 
0418 
0533 


0312 
0430 
0544 


0324 
0441 
0665 


0336 
0453 
0667 


83 60 
83 40 
83 30 


• 30 
S 40 

• 50 


1-0667 
-0678 
•0786 


0678 
0688 
0796 


0589 
0699 
08O7 


0600 
0710 
0818 


0611 
0721 
0828 


0622 
0732 
0639 


0633 

0743 
0849 


064 5 
0754 
0860 


0656 
0764 
0871 


0)667 
0775 
0661 


0678 
0786 
0691 


83 20 
83 10 
88 00 


7 00 
7 10 
7 20 


1-0891 
■0995 
■1096 


0902 
1006 
1106 


0912 
1015 
1116 


0923 

1025 
1125 


0933 
1035 

1136 


0943 
1046 
1145 


0954 

1055 
1166 


0964 
1066 
1166 


0974 
1076 
1175 


0964 

1066 
1186 


0996 
1096 
1194 


82 50 
82 40 
62 80 


7 30 
7 40 
7 50 


T-1194 

•1291 

T-1j85 


1204 
1300 
1395 


1214 
1310 
1404 


1223 

131» 
1413 


1233 
1329 

1423 


1243 
1338 
1432 


1252 

1348 
1441 


1262 
1367 
1450 


1272 

1367 
1460 


1281 
1376 
1469 


1291 
1385 

T-1478 


89 20 
■2 10 
82 00 

X 




10' 


■ ' 


8' 


7' 


6' 


5' 


4' 


3' 


2' 


1' 


O' 



44 

100 
135 
162 
185 
206 
225 
242 
259 
274 
288 
302 
3T5 
328 



00 
1-28 

1 97 

2-48 

2 90 

3 27 

360 



90 

18 

44 
69 

IS 

3& 



5-57 

r«d. 

•0000 
•0185 
0321 
0415 
■0491 
■0557 
•0616 
•0669 
•0719 
•0765 
0809 
•0850 
•0890 
•0928 
-0964 
•0999 
•1033 



-4637 
•4638 
-4639 
-4640 
-4641 
-464? 
-464 3 
4644 
-4645 
-4646 

-4647 

-4648 

-4649 

4650 



-2419 
■2420 
2421 
2422 
2423 
2424 
-2425 
•2426 
•2427 
•2428 
■2429 
■2430 
•2431 
34*2 



un m 



2-1087 
-4662 

•5948 
•6750 
•73JO 

•7796 
•6176 
8499 
•8781 
■903O 
■9254 
■9457 
•9643 
5 9614 



3-3502 

•5383 

•6376 

•7055 

■7572 

-7989 

8339 

-8641 

8906 

•9142 

9355 

9550 

97« 

5-9H3 



0000* 
0001 
0002 

•0003 
0004 
0005 
0006 
•0007 
0008 
•0009 
0010 
-0011 
0012 
001 3 g 
•0014 f 

0001 5 T 



2692 
5078 
6186 
6919 
7465 
7902 
8265 
8576 
B849 
9091 
9309 
9507 
9689 
38 r * 
00)2 
0'58 



loj tan i loj j . ' 
loj ■ log un j - T 

where T ii tikcn 

from th« tiblc ln ih-e 
ume unitl It Jt. 



Eximpl*. 

Find i whcn 
lo>| im ■* 

loj tan ■' 
rto-r 3-5636 
(Subtract) 
lo| i 



3-5636 

!-5636 
-4639 



2-0997 

125' 8 

2*>5-B 



LOGARITHMS OF COTANGENTS, 82° to 90° 
(Read up and Oom right to left) 



•4 



— J.W*&ji 



8fcjtf««r , i 










df/- 










^J^M 


2 








LOGARJTHMS OF 


TANGENTS 












X 
OO 


0' 
0°0 


I 
6' 

qo. I 


12* 
0°-2 


18' 

0°-3 


24' 

(JO.4 


30' 
0°-5 


36 
0°-6 


1 

42' 
0°-7 


48' 

0°-8 


54' 

0°-9 


J 


ADD 


1 


2' 


3' 4" 5' 


- eo 


m 
1 3-242 


3-543 3-719 


3-844 3-941 


2-020 


2-087 


2-145 


2-195 


Diffe 


ences varjr 


1 


2-2419 


> 2833 


3211 


3559 


3881 


4181 


4461 


4725 


49? 3 


5208 




too 


rjpidly for 


2 


•5431 


, 5643 


5845 


6038 


6223 


6401 


6571 


6736 


6894 


7046 




inter 


polation by 


3 


•7194 


7337 


7475 


7609 


7739 


7865 


7988 


6107 


8223 


8336 




P.P.S. 


See Table 


4 


»8446 


8554 


6659 


8762 


8862 


8960 


9056 


9150 


9241 


9331 




on pige 11 , 


5 


2-9420 


9506 


9591 


9674 


9 756 


9836 


991 S 


9992 7-0068 


i-0143 










6 


7-0216 


0289 


0360 


0430 


0499 


0567 


0633 


0699 


0764 


0828 










7 


•0891 


0954 


1015 


1076 


1135 


1194 


1252 


1310 


1367 


1423 










8 


-1478 


1533 


1687 


1640 


1693 


1745 










53 


9 


18 


27 35 44 














1745 


1797 


1848 


1898 


1948 


50 


8 


17 


25 33 42 


9 


•1997 


2046 


2094 


2142 


2189 


2236 










48 


8 


16 


24 32 40 














2236 


2282 


2328 


2374 


2419 


45 


8 


15 


23 30 38 


10 


12463 


2507 


2551 


2594 


2637 


2480 










43 


7 


14 


22 29 ?6 














2680 


2722 


2764 


2805 


2846 


•11 


7 


14 


21 27 34 


11 


-2867 


2927 


2957 


3006 


3046 


3085 










40 


7 


13 


20 27 33 














3085 


3123 


3162 


3200 


3237 


38 


6 


13 


19 25 32 


12 


■3275 


3312 


3349 


3385 


3422 


3458 










37 


6 


12 


18 25 31 














3458 


3493 


3529 


3564 


3599 


35 


6 


12 


17 23 29 


13 


•3634 


3668 


3702 


3736 


3770 


3804 










34 


6 


11 


17 23 28 














3804 


3837 


3870 


3903 


3935 


33 


5 


11 


16 22 27 


14 


•3968 


4000 


4032 


4064 


4095 


4127 


4158 


4189 


4220 


4250 


31 


5 


10 


16 21 26 


16 


7-4281 


4311 


4341 


4371 


4400 


4430 


4469 


4486 


4517 


4546 


29 


6 


10 


15 19 24 


16 


•4575 


4603 


4632 


4660 


468S 


4716 


4744 


4771 


4799 


4826 


28 


5 


9 


14 19 23 


17 


•4853 


4880 


4907 


4934 


4961 


4987 


5014 


5040 


5066 


5092 


26 


4 





13 17 22 


18 


•6118 


5143 


5169 


5195 


5220 


5245 


5270 


5295 


5320 


5345 


25 


4 


8 


13 17 21 


19 


■5370 


5394 


5419 


5443 


5467 


5491 


5516 


5539 


5563 


5587 


24 


4 


3 


12 16 20 


20 


T-5611 


5634 


5658 


5681 


5704 


5727 


5750 


5773 


5796 


5819 


23 


4 


8 


12 15 19 


21 


•5842 


5864 


5887 


5909 


5932 


5954 


5976 


5998 


6020 


6042 


22 


4 


7 


11 15 18 


22 


6064 


6086 


6108 


6129 


6151 


6172 


6194 


6215 


6236 


6257 




4 


7 


11 14 18 


23 


•6279 


6300 


6321 


6341 


6362 


6383 


6404 


6424 


6445 


6465 


21 


3 


7 


10 14 17 


24 


•6486 


6506 


6527 


6547 


6567 


6587 


6607 


6627 


6647 


6667 


20 


3 


7 


10 13 17 


25 


1-6687 


6706 


6726 


6746 


6765 


6785 


6804 


6824 


6843 


6863 




3 


6 


10 13 16 


26 


•6882 


6901 


6920 


6939 


6958 


6977 


6996 


7015 


7034 


7053 


19 


3 


6 


10 13 16 


27 


•7072 


7090 


7109 


7128 


7146 


7165 


71 B3 


7202 


7220 


7238 




3 


6 


9 12 15 


28 


•7257 


7275 


7293 


7311 


7330 


7348 


7366 


7384 


7402 


7420 


18 


3 


6 


9 12 15 


29 


•7438 


7455 


7473 


7491 


7509 


7526 


7544 


7562 


7579 


7597 




3 


8 


9 12 15 


30 


7-7614 


7632 


7649 


7667 


7684 


7701 


7719 


7736 


7753 


7771 




3 


B 


9 12 15 


31 


-7788 


7805 


7822 


7839 


7856 


7873 


7890 


7907 


7924 


7941 


17 


3 


6 


9 11 14 


32 


■7958 


7975 


7992 


8008 


8025 


8042 


8069 


8075 


8092 


8109 




3 


B 


8 11 14 


33 


-8125 


8142 


8158 


8175 


8191 


8208 


8224 


8241 


8257 


8274 




3 


6 


8 11 14 


34 


-8290 


8306' 


8323 


8339 


8355 


8371 


8383 


8404 


8420 


8436 




3 


B 


8 11 14 


35 


7-8452 


8468 


8484 


8601 


8517 


8533 


8549 


6565 


8581 


8597 


16 


3 


5 


8 11 13 


31 


8613 


8629 


8644 


8660 


8676 


8692 


8708 


8724 


8740 


87£5 




3 


■j 


8 11 13 


37 


•8771 


8787 


8803 


8816 


8834 


8850 


8865 


8881 


8897 


8912 




3 


6 


8 10 13 


39 


-8928 


8944 


8959 


8975 


8990 


9006 


9022 


9037 


9053 


9068 




3 


5 


8 10 13 


39 


•9084 


9099 


9115 


9130 


9146 


3t*l 


9176 


9192 


9207 


9223 




3 


5 


8 10 13 


40 


7-9238 


9254 


9269 


9284 


9300 


9315 


9330 


9346 


9361 


9376 




3 


B 


8 10 13 


41 


-9392 


9407 


9422 


9438 , 


9453 


9468 


9483 


9499 


9514 


9529 




3 


5 


8 10 13 


42 


-9644 


9560 


9576 


9590 


9605 


9621 


9636 


9651 


9666 


9681 




3 


5 


6 10 13 


43 


•9697 


9712 


9727 


9742 


9757 


9772 


9788 


9803 


9818 


9833 


15 


3 


s> 


8 10 13 


44 


-9848 


9864 


9879 


9894 


9909 


9924 


9939 


9955 


9970 


9985 




3 


5 


8 10 13 



Lo£ Cot x - Lo| Tan (90° - x) Log Tan x 



V 



■jiMbtu 



5M#icr"j 



LOGARfTHM5 OF TANGENTS 



'ji^UtJwSJL* 



13 



X 

45° 


0' 
0°-0> 


6' 
0°-1 


12' 
0°-2 


18' 
0°-3 


24 f 
0°-4 


30' 
0°-5 


36' 

0°-6 


42' 
0°-7 


48' 
0°-8 


54 

0°-9 


J 
15 


ADD 




1' 2' 3' 4' 5' 




0000 


i 

0015 


0030 


0045 


0061 


0076 


0091 


0106 


0121 


0136 


3 5 8 10 13 




46 


•0152 


0167 


0182 


0197 


0212 


0228 


0243 


0258 


0273 


0288 




3 5 8 10 13 




47 


•0303 i 0319 


0334 


0349 


0364 


0379 


0395 


0410 


0425 


0440 




3 5 8 10 13 




48 


0456 


0471 


0486 


0501 


0517 


0532 


0547 


0562 


0578 


0593 




3 5 8 10 13 




49 


-0608 


0624 


0639 


0654 


0670 


0685 


0700 


0716 


0731 


0746 




3 5 8 10 13 




50 


0-0762 


0777 


0793 


08O8 


0824 


0839 


0854 


0870 


0885 


0901 




3 5 8 10 13 




51 


•0916 


0932 


0947 


0963 


0978 


0994 


1010 


1025 


1041 


1056 




3 5 8 10 13 




52 


■1072 


1088 


1103 


1119 


1135 


1150 


1166 


1182 


1197 


1213 




3 5 8 10 13 




53 


•1229 


1245 


1260 


1276 


1292 


1308 


1324 


1340 


1356 


1371 




3 5 8 11 13 




54 


■1387 


1403 


1419 


1435 


1451 


1467 


1483 


1499 


1516 


1532 


16 


3 5 8 1113 




55 


0-154.8 


15G4 


1580 


1596 


1612 


1629 


1645 


1661 


1677 


1694 




3 5 8 11 14 




56 


•1710 


1726 


1743 


1759 


1776 


1792 


180S 


1825 


1842 


1858 




3 6 8>1 14 




57 


•1875 


1891 


1908 


1925 


1941 


1958 


1475 


1992 


2008 


2025 




3 6 8 11 14 




58 


■204.2 


2059 


2076 


2093 


2110 


2127 


2144 


2161 


2178 


2195 


17 


3 6 9 11 14 




59 


2212 2229 


2247 


2264 


2281 


2299 


2316 


2333 


2351 


2368 




3 6 9 12 15 




60 


0-2386! 2403 


2421 


2438 


2456 


2474 


2491 


2509 


2527 


2545 




3 6 9 12 15 




•1 


•2562 2580 


2598 


2616 


2634 


2652 


2670 


2689 


2707 


2725 


18 


3 S 9 12 15 




62 


•2743 


2762 


2780 


2798 


2817 


2835 


2854 


2872 


2891 


2910 




3 6 9 12 16 




63 


•2928 


2947 


2966 


296$ 


3004 


3023 


3042 


3061 


3060 


3099 


19 


3 6 10 13 16 




64. 


•3118 


3137 


3157 


3176 


3196 


3215 


3235 


3254 


3274 


3294 




3 5 10 13 16 




65 


0-3313 


3333 


3353 


3373 


3393 


3413 


3433 


3453 


3473 


3494 


20 


3 7 10 13 17 




66 


•3514 


3535 


3555 


3576 


3596 


3617 


3638 


3659 


3679 


3700 


21 


3 7 10 14 17 




67 


•3721 


3743 


3764 


3785 


3806 


3828 


3849 


3871 


3892 


3914 




4 7 11 14 18 




68 


•3936 


3958 


3980 


4002 


4024 


4046 


4068 


4091 


4113 


4136 


22 


4 7 11 15 18 




69 


•4158 


4181 


4204 


4227 


4250 


4273 


4296 


4319 


4342 


4366 


23 


4 8 12 16 19 




70 


0-4389 


4413 


4437 


4461 


4484 


4509 


4533 


4557 


4681 


4606 


24 


4 8 12 16 20 




71 


•4630 


4655 


4680 


4705 


4730 


4755 


47B0 


4805 


4831 


4857 


25 


4 8 13 17 21 




72 


•4882 


4908 


4934 


4960 


4986 


5013 


5039 


5066 


6093 


5120 


26 


4 9 13 17 22 




73 


•5147 


5174 


5201 


5229 


5256 


5284 


6312 


5340 


5368 


6397 


26 


6 9 14 19 23 




74 


•5425 


5454 


5483 


5512 


5541 


5570 


5600 


6629 


5659 


6689 


29 


5 10 15 19 24 




75 


0-5719 


5750 


5780 


5811 


5842 


5873 


5905 


5936 


5968 


6000 


31 


5 10 16 21 26 




76 


•6032 


C065 


6097 


6130 


6163 


6196 


6230 


6264 


6298 


6332 


33 


6 11 17 22 28 




77 


•6366 


6401 


643« 


6471 


6507 


6542 


6578 


6615 


6651 


6688 


36 


6 12 18 24 30 




78 


•6725 


6763 


6800 


6838 


6877 


6915 


6954 


6994 


7033 


7073 


39 


6 13 19 26 32 




79 


•7113 


7164 


71 95 


7236 


7278 


7320 


7363 


7406 


7449 


7493 


42 


7 14 21 28 36 




80 


0-7637 


7661 


7626 


7672 


7718 


7764 


7811 


7858 


7906 


7954 


47 


8 16 23 31 39 




61 


-8003 


8052 


8102 


8152 


8203 


8255 


8307 


8360 


8413 


8467 


52 


9 17 26 35 43 




82 


•8522 


8577 


P6o3 


8690 


8748 


8806 


8865 


8924 


8985 


9046 








83 


•9109 


9172 


9236 


9301 


9367 


9433 


9501 


9570 


9640 


9711 








64 


(79784 


9657 


9932 1 


-0008 


1-0085 1-0164 1-0244 


1-0326 1-0409 1-0494 




Diffc rcrtiti 

• 




85 


1*0580 


0669 


0769 


0850 


0944 


1040 


1138 


1238 


1341 


1446 




ntrt vary iro 
rapldly for ln- 
ttrpolitlon b/ 
PtP.s. Scct note 




06 


•1554 


1664 


1777 


1893 


2012 


2135 


2261 


2391 


2626 


2663 






87 


•2806 


2964 


3I06 


3264 


3429 


3599 


3777 


3962 


4165 


4357 






88 


•4569 


4792 


6027 


5275 


5539 


5819 


6119 


6441 


6789 


7167 




btlow. 




89 
90 


1-76« 

00 


1-804 


1-85? 


1-913 


1-980 


2-059 


2-156 


2-281 


2-457 


2-758 
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6 8 


93 


•$480 


8471 


8462 


8453 


8443 


8134 


8425 


8415 


840o 


6396 




2 


3 5 


6 6 


33 


3.187 


8377 


8358 


8358 


8348 


8339 


8329 


8320 


8310 


8300 




2 


3 5 


6 8 


34 


8290 


8281 


8271 


8261 


8251 


8241 


8231 


82?1 


82T1 


8202 




2 


3 6 


7 A 


3S 


0-8192 


8181 


8171 


8161 


8151 


8141 


8131 


8121 


8111 


8100 


10 


2 


3 5 


7 8 


36 


noso 


8080 


8070 


8059 


8049 


8039 


3021 


8018 


8007 


7997 




2 


3 5 


7 9 


37 


•7S85 


7876 


7965 


7955 


7944 


7934 


7923 


7912 


7902 


7891 




2 


4 5 


7 9 


3J 


7880 


7869 


7859 


7848 


7837 


7826 


7815 


/804 


7793 


7782 


11 


2 


4 5 


7 9 


36 


07771 


7760 


7749 


7738 


7727 


77H 


7705 


7694 


7683 


7672 




2 


4 6 


7 9 



o • 
00 
34 
59 
16 
30 
43 
54 
03 
13 





* 

1 
1 

1 

a 

2 



Cosine* 6>f 
cosine 

1 oooc 
0-9999 

0-3998 
0-9997 
09996 

or.995 

0-9994 
0-9993 



Small Anglcs 

coiinc 



o 

C 
0-5 
0-9 
1-2 
1-6 
17 
1-9 
2«0 
2*2 



13 
21 
29 
37 
44 
51 
58 
06 
11 



09992 
0-9991 
0-995O 
0*989 
0-99S8 

o-9v?r 

0-9086 
O'S-985 



2-21 
236 
2-49 
262 
2-74 
IM 
2-9/ 
30« 
3-19 



This uble n simiJar to that given for stnM on 
pjg* 15; thui 

cos 2° 40' = 0-9989 
0-9986 <.os 3° 2' 
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NATURAL COSINES 


Jt 

4Q° 


0' 
0° 


&' 12' 18' 
O-o-l 0°-2 0° 3 


24* 

0°-4 


30* 36' 

0°-5 0° 6 


42' 48' 54' 

I 
0°-7 0° 8 0° 9 


J 


SUBTR>'" 


v r v 4- 5' 


0-7660 


| 7649 7638 7627 


7615 


7604 7593 


i 7581 7570 7559 


2 4 6 8 9 


41 


■7547 


| 7536 7524 7513 


7501 


7490 7478 


7466 7455 7443 




2 4 6 6 10 


42 


7431 


7420 7408 7396 


7385 


7373 7361 


7349 7337 7325 




2 4 6 8 10 


43 
44 


-7314 


7302 7290 7278 


7266 


7254 7242 


7230 7218 7206 


12 


2 4 6 8 10 


-7193 


7181 7169 7157 


7145 


7133 7120 


7108 7096 7083 




2 4 6 8 10 


45 


! 0-7071 


705» 7046 7034 


7022 


7009 6997 


6984 6972 6959 




2 4 6 8 10 


46 


-6947 


6934 6921 6909 


6896 


6884 6871 


6856 6B45 6833 




2 4 6 8 11 


47 


■6820 


6807 6794 6782 


6769 


6756 6743 


6730 6717 6704 




2 4 6 9 11 


48 


-6691 


6676 6665 6652 


6639 


6626 6613 


6600 6587 6574 


13 


2 4 7 9 11 


49 


•6561 


6547 6534 6521 


6508 


6494 6481 


6468 6455 6441 




2 4 7 9 11 


50 


0-6428 


6414 6401 6388 


6374 


6361 6347 


6334 6320 6307 




2 4 7 9 11 


51 


-6293 


6280 6266 6252 


6239 


6225 6211 


6198 6184 6170 




2 5 7 9 11 


52 


•6157 


6143 6129 6115 


6101 


6088 6074 


6060 6046 6032 




2 5 7 9 12 


53 


•601 B 


6004 5990 5976 


5962 


5*48 5934 


5920 5906 5892 


14 


2 5 7 9 12 


54 


•5878 


5664 5850 5835 


5821 


5807 5793 


5779 5764 5750 




2 5 7 9 1« 


55 


0-5736 


3721 5707 5693 


5678 


5664 5650 


5035 5621 560« 




2 5 7 10 12 


56 


•5592 


5577 5563 5548 


5534 


5519 5505 


5490 5476 5461 




2 5 7 10 12 


57 


5446 


5432 5417 5402 


5388 


5373 5358 


5344 5329 5314 




2 5 7 10 12 


58 


•5299 


5284 5270 5255 


5240 


5225 5210 


5195 5180 6165 




2 5 7 10 12 


59 


•5150 


5135 5120 5105 


5090 


5075 5060 


5045 5030 5015 


15 


3 5 8 10 13 


60 


0-5000 


4985 4970 4955 


4939 


4924 4909 


4894 4879 4863 




3 5 8 10 13 


• 1 


■4848 


4833 4818 4802 


4787 


4772 4756 


4741 4726 4710 




3 5 8 10 13 


67 


■4695 


4679 4664 4648 


4633 


4617 4602 


4586 4571 4565 




3 6 8 10 13 


63 


•4540 


4524 4509 4493 


4478 


4462 4446 


4431 4415 4399 




3 5 8 10 13 


64 


•4384 


4368 4352 4337 


4321 


4305 4289 


4274 4258 4242 




3 5 6 11 13 


65 


0-4226 


4210 4195 4179 


4163 


4147 4131 


4115 4099 4083 




3 5 8 11 13 


96 


•4067 


4051 4035 4019 


4003 


3987 3971 


3965 3939 3923 


1« 


3 5 8 11 13 


67 


-3907 


3891 3875 3859 


3843 


3827 3811 


3796 3778 3762 




3 5 8 11 13 


68 


•3746 


3730 3714 369? 


3681 


3665 3649 


3633 3616 3600 




3 5 8 11 14 


69 


•3584 


3567 3551 3535 


3518 


3602 3466 


3469 3453 3437 




3 5 8 11 14 


70 


0-3420 


3404 3387 3371 


3355 


3338 3322 


3305 3269 3272 




3 5 6 11 14 


71 


•3256 


3239 3223 3206 


3190 


3173 3156 


3140 3123 3107 




3 6 8 11 14 


72 


•3090 


3074 3057 3040 


3024 


30O7 2990 


2974 2957 2940 




3 6 8 11 14 


73 


•2924 


2907 2890 2874 


*2857 


2840 2823 


2807 2790 2773 




3 6 8 11 14 


74 


•2756 


2740 2723 2706 


*2689 


2672 2656 


2639 2622 2605 




3 6 6 11 14 


75 


0-2588 


2571 2554 2538 


2521 


2504 2487 


2470 2463 2436 




3 6 8 11 14 


76 


•2419 


2402 2386 2368 


2351 


2334 2317 


2300 2284 2267 




3 6 8 11 14 


77 


-2250 


2233 2215 2198 


2181 


2164 2147 


21 50 2113 2096 


17 


3 6 9 11 14 


78 


-2079 


2062 2045 2028 


2011 


1994 1977 


1959 1942 1925 




3 6 9 11 14 


79 


•1908 


1891 1874 1857 


1B40 


1822 1805 


1788 1771 1754 




3 6 9 11 14 


80 


0-1736 


1719 1702 1685 


1668 


1650 1633 


1616 1599 1682 




3 6 9 11 14 


81 


■1664 


1547 1530 1513 


1485 


1478 1461 


1444 1426 1409 




3 6 9 11 14 


82 


•1392 


1374 1357 1340 


1323 


1305 1898 


1271 1263 1236 




3 6 9 12 14 


83 


•1219 


1201 1184 1167 


1149 


1132 1116 


1097 1080 1063 




3 6 9 12 14 


84 


•1045 


1028 1011 0993 


0976 


0958 0941 


0924 0906 0889 




3 6 9 12 14 


85 


00672 


0854 083 7 0819 


0802 


0786 0767 \ 


0750 0732 0715 




3 6 9 12 14 


86 


'0698 


0680 0663 0645 


0628 


0610 0593 


0576 0a68 0641 




3 6 9 12 15 


87 


0523 


0506 0488 0471 


0454 


0431 0419 


0401 0384 0366 




3 6 9 12 15 


88 


-0349 


0332 0314 0297 


0279 


0262 0244 


0227 02O9 0192 




3 6 9 12 15 


89 


0-0175 


0157 0140 0122 


0105 


0087 0070 


0052 0035 0017 


18 


3 6 9 12 16 


90 


0-0000 
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NaTURAL tangents. 



-J^Uui^Li 



0° 


I 
0' 

o°-o 


6' 

0° 1 


12' 
0° 2 


18 

0°-3 


24' 

0°-4 


30' 
0° 5 


36' 

0°-6 


42' 
0°-7 


48' 
0° 8 


54' 
0°-9 


J 
18 


ADO 




V r 


3' 


4' 


5" 




0000 


0017 


0035 


0052 


0070 


0087 


0105 


0122 


0140 


0157 


3 fi 


9 


12 


15 




1 


•0175 


0192 


0209 


0227 


0244 


0262 


0279 


0297 


0314 


0332 




3 6 


9 


12 


15 




2 


0349 


0367 


0384 


0402 


0419 


0437 


0454 


0472 


0489 


05O7 




3 6 


9 


12 


15 




3 


0524 


0642 


0559 


0577 


0594 


0612 


0529 


0647 


0664 


0682 




3 6 


'i 


12 


15 




4 


-0699 


0717 


0734 


0752 


0769 


0787 


0806 


0822 


0640 


0857 




3 6 


9 


12 


15 




S 


00875 


0892 


0910 


092 B 


0945 


0963 


0981 


0996 


1016 


1033 




3 6 


9 


12 


15 




• 


1051 


1069 


1066 


1104 


1122 


1139 


1157 


1175 


1192 


1210 




3 6 


9 


12 


15 




7 


•1228 


1246 


1263 


1261 


1299 


1317 


1334 


1302 


1370 


1388 




3 6 


9 


12 


15 




a 


•1406 


1423 


1441 


1459 


1477 


1496 


1512 


1530 


1548 


1566 




3 6 


9 


12 


15 




9 


■1584 


1602 


1620 


1638 


1655 


1673 


1691 


1709 


1727 


1745 




3 6 


9 


12 


15 




10 


0-1783 


1781 


1799 


1817 


1835 


1853 


1871 


1890 


1908 


1926 




3 6 


9 


12 


15 




11 


•1944 


1962 


1980 


1998 2016 


2035 


2053 


2071 


2089 


2107 




3 6 


9 


12 


15 




12 


-2128 


2144 


2162 


21 80 , 21 99 


2217 


2235 


2254 


2272 


2290 




3 6 


9 


12 


15 




13 


230« 


2327 


2345 


2364 | 2382 


2401 


2419 


2438 


2456 


2475 




3 6 


9 


12 


15 




14 


2493 


2512 


2530 


2549 


2568 


2566 


2605 


2623 


2642 


2661 




3 6 


9 


12 


15 




15 


02679 


2698 


2717 


2736 


2754 


2773 


2792 


2811 


2830 


2849 




3 6 


9 


13 


16 




16 


-2867 


2886 


2905 


2924 


2943 


2962 


2981 


3000 


3019 


3038 


19 


3 6 


10 


13 


16 




17 


•3057 


3076 


3096 


3115 


3134 


3153 


3172 


3191 


3211 


3230 




3 6 


10 


13 


16 




16 


■324*» 


3269 


3288 


3307 


3327 


3346 


3365 


3385 


3404 


3424 




3 6 


10 


13 


16 




19 


•3443 


3483 


3482 


3502 


3522 


3541 


3561 


3581 


3600 


3620 




3 7 


10 


13 


16 




20 


0-3640 


3659 


3679 


3699 


3719 


3739 


3759 


3779 


3799 


3619 


20 


3 7 


10 


13 


17 




21 


3839 


3859 


3879 


3899 


3919 


3939 


3959 


3979 


4000 


4020 




3 7 


10 


13 


17 




22 


•4040 


4061 


4081 


4101 


4122 


4142 


4163 


4183 


4204 


4224 




3 7 


10 


14 


17 




23 


•4245 


4285 


4286 


4307 


4427 


4348 


4369 


4390 


4411 


4431 




3 7 


10 


14 


17 




24 


•4452 


4473 


4494 


4515 


4536 


4557 


4578 


4599 


4621 


4642 


21 


4 7 


11 


14 


18 




25 


0-4663 


4684 


4706 


4727 


4748 


4770 


4791 


4813 


4834 


4856 


22 


4 7 


11 


14 


16 




26 


•4877 


4899 


4921 


4942 


4964 


4966 


5006 


5029 


5051 


5073 


4 7 


11 


15 


18 




27 


5095 


5117 


S139 


6161 


5184 


5206 


5228 


5250 


5272 


5295 




4 7 


11 


16 


18 




28 


5317 


534* 


5362 


1384 


5407 


5430 


5452 


5475 


5498 


5520 




4 8 


11 


15 


19 




29 


6543 


6588 


6589 


5612 


6635 


5668 


5681 


6704 


5727 


5750 


23 


4 8 


12 


16 


19 




30 


5774 


5797 


5820 


6844 


6867 


5890 


6914 


5938 


5961 


5985 




4 8 


12 


16 


20 




31 


6009 


6032 


*06.i 


6-jW 


6104 


6128 


6162 


6176 


6200 


6224 


24 


4 8 


12 


16 


20 




32 


6249 


6273 


6297 


*M?2 


•4443 


6371 


6395 


6420 


«445 


6469 




4 6 


12 


16 


20 




33 


•8494 


6519 


6644 


6569 


•694 


6419 


6644 


6069 


6694 


6720 


25 


4 8 


13 


17 


21 




34 


6745 


6771 


679« 


8852 


6847 


6873 


6899 


6924 


6050 


6976 




4 9 


13 


17 


21 




35 


7002 


7076 


7054 


708O 


7107 


71 83 


7159 


7186 


7212 


7239 


26 


4 9 


13 


17 


22 




31 


■726S 


7292 


7319 


7346 


7S7S 


74O0 


7427 


74S4 


7481 


7508 


27 


S 9 


14 


18 


23 




37 


•7536 


7563 


7590 


7618 


7646 


7673 


7701 


7729 


7767 


7/85 


28 


5 9 


14 


19 


23 




3a 


•7813 


7841 


7889 


7898 


7928 


7964 


7983 


8012 


6040 


8069 




6 10 


14 


19 


24 




39 


•8098 


8127 


8156 


8165 8214 


6243 


8273 


1301 


6332 


6361 


29 


5 10 


15 


19 


24 




40 


0-8391 


6421 


8451 


8481 8511 


8641 


6671 


8601 


8632 


8662 


30 


5 10 


15 


20 


25 




41 


8693 


6724 


8754 


8785 »816 


8*47 


8876 


8910 


8941 


$972 


31 


5 10 


16 


21 


26 




42 


9004 


9036 


9067 


9099 


9131 


9163 


9195 


9226 


9260 


9293 


32 


5 11 


16 


81 


27 




43 


•9325 


9358 


9391 


9424 


9457 


9490 


9523 


9656 


9590 


9623 


33 


6 11 


17 


22 


28 




44 


9657 


9691 


9725 


9759 


9793 


9827 


9881 


9896 


9930 


9965 


34 


6 11 


17 


23 


28 




45 


1-6060 


0035 


0070 


0105 


0141 


0176 


0212 


0247 


0263 


0319 


36 


6 12 


18 


24 


30 




•16 


0355 


0392 


0428 


0464 


0501 


0538 


0575 


0612 


0649 


0686 


37 


6 12 


18 


25 


31 




47 


•0724 


0761 


0799 


0837 


0875 


0913 


0951 


0990 


1028 


1067 


38 


6 13 


19 


25 


32 




48 


•110« 


1145 


1184 


1224 


1263 


1303 


1343 


1383 


1423 


1463 


40 


7 13 


20 


27 


33 




49 


1-1504 


1544 


1505 


1626 


1667 


1708 










41 


7 14 


20 


27 


34 
















1708 


1750 


1792 


1833 


1875 


42 


7 14 


21 


28 


35 
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50° 


0' 

0°0 


6' 

C°-1 


12' 

0° 2 


18' 
0° 3 


24* 
0°4 


30' 
0°-5 


36' 
0°-« 


42' 
0-7 


48' 

0° 8 


54' 
0°-9 


J 


ADD 




r 


2' 


3' 4' 5' 




1-192 


196 


200 


205 


209 


213 


217 


222 


226 


230 


i 


1 


2 3 4 




S1 


•235 


239 


244 


248 


253 


257 


262 


266 


271 


275 




i 


2 


2 3 4 




S2 


•280 


285 


289 


294 


299 


303 


308 


313 


317 


322 




1 


2 


2 3 4 




53 


•327 


332 


337 


342 


347 


351 


356 


361 


366 


371 




1 


2 


2 3 4 




54 


•37* 


361 


387 


392 


397 


402 


407 


412 


418 


423 


5 


1 


2 


3 3 4 




55 


1-428 


433 


439 


444 


450 


455 


460 


466 


471 


477 




1 


2 


3 4 5 




5» 


-483 


488 


494 


499 


505 


511 


517 


522 


528 


534 




1 


2 


3 4 5 




57 


540 


546 


552 


558 


564 


570 


576 


582 


566 


594 


6 


1 


2 


3 4 5 




58 


-600 


607 


613 


619 


625 


632 


638 


645 


651 


656 




1 


1 


3 4 5 




59 


•664 


671 


678 


684 


691 


696 


704 


711 


718 


726 




i 


2 


3 5 6 




•0 


1-732 


739 


746 


753 


760 


767 


775 


782 


789 


797 


7 


1 


2 


4 6 6 




01 


-804 


811 


819 


827 


834 


842 


849 


857 


865 


873 




1 


3 


4 6 6 




62 


-881 


889 


897 


905 


913 


921 


929 


937 


946 


964 


6 


i 


3 


4 5 7 




•3 


1-963 


971 


960 


988 


1-997 


2006 


2014 


2-023 


2032 


2041 




i 


3 


4 6 7 




•4 


2060 


059 


069 


078 


087 


097 


106 


116 


125 


135 


9 


2 


1 


5 6 8 




•5 


2-146 


164 


164 


174 


184 


194 


204 


215 


225 


236 


10 


2 


3 


5 7 8 




• 4 


•246 


267 


267 


278 


289 


300 


311 


322 


333 


344 


11 


2 


4 


6 7 9 




•7 


•356 


367 


379 


391 


402 


414 


426 


438 


450 


463 


12 


2 


4 


6 8 10 




•i 


•476 


488 


500 


513 


526 


539 


552 


565 


578 


692 


13 


2 


i 


6 9 11 




•• 


•606 


619 


633 


646 


660 


675 


689 


703 


718 


733 


14 


2 


5 


7 9 12 




70 


2-747 


762 


778 


793 


808 


824 


840 


856 


872 


886 


16 


3 


6 


8 11 13 




71 


2-904 


921 


937 


954 


971 


2-989 


3-006 


3024 


3-042 


3-060 


17 


3 


6 


9 11 14 




72 


3-078 


096 


115 


133 


152 


3-172 










19 


3 


6 


9 13 16 
















172 


191 


211 


230 


251 


20 


3 


7 


10 13 17 




73 


•271 


291 


312 


333 


354 


376 










21 


4 


7 


10 14 18 
















376 


396 


420 


442 


465 


22 


4 


7 


11 15 16 




74 


■487 


511 


534 


556 


582 


606 










24 


4 


1 


12 16 20 
















606 


630 


655 


681 


706 


25 


4 


8 


13 17 21 




76 


3-732 


758 


785 


812 


839 


867 










27 


4 


9 


14 16 22 
















867 


895 


923 


962 


981 


29 


6 


10 


14 19 24 




71 


4-011 


041 


071 


102 


134 


4-165 










31 


6 


10 


15 21 26 . 
















165 


198 


230 


264 


297 


33 


6 


11 


17 22 26 




77 


4-331 


366 


402 


437 


474 


511 










36 


6 


12 


16 24 30 
















511 
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